Electronic Supplementary Material (ESI) for Chemical Science.
This journal is © The Royal Society of Chemistry 2018

S1

Supporting Information

Catalytic Enantioselective Radical Coupling of

Activated Ketones with N-Aryl Glycines

Yang Liu,* Xiangyuan Liu,” Jiangtao Li,* Xiaowei Zhao," Baokun Qiao,* and Zhiyong Jiang™**

?Key Laboratory of Natural Medicine and Immuno-Engineering of Henan Province, Henan University, Jinming
Campus, Kaifeng, Henan, 475004, P. R. China
®Henan Key Laboratory of Organic Functional Molecule and Drug Innovation, School of Chemistry and Chemical

Engineering, Henan Normal University, Xinxiang, Henan, P. R. China, 453007

E-mail: chmjzy@henu.edu.cn



S2

—

Table of Contents

General information

Optimization of reaction conditions

General experimental procedures

Mechanism studies

Procedures of synthetic applications

Determination of the absolute configurations

Characterization of adducts

Copies of NMR spectra

S3-S4

S5-S7

S8-S9

S10

S11-S12

S13-14

S15-S48

S49-S82



S3

1. General information

General procedures and methods

Experiments involving moisture and/or air sensitive components were performed under a
positive pressure of argon in oven-dried glassware equipped with a rubber septum inlet. Dried
solvents and liquid reagents were transferred by oven-dried syringes or hypodermic syringe
cooled to ambient temperature in a desiccator. Reactions mixtures were stirred in 10 mL
sample vial with Teflon-coated magnetic stirring bars unless otherwise stated. Moisture in
non-volatile reagents/compounds was removed in high vacuo by means of an oil pump and
subsequent purging with nitrogen. Solvents were removed in vacuo under ~30 mmHg and
heated with a water bath at 30-35 °C using rotary evaporator with aspirator. The condenser
was cooled with running water at 0 °C.

All experiments were monitored by analytical thin layer chromatography (TLC). TLC was
performed on pre-coated plates, 60 Fpss. After elution, plate was visualized under UV
illumination at 254 nm for UV active material. Further visualization was achieved by staining
Ce(S0O,), and anisaldehyde solution. For those using the aqueous stains, the TLC plates were
heated on a hot plate.

Columns for flash chromatography (FC) contained silica gel 200-300 mesh. Columns were
packed as slurry of silica gel in petroleum ether and equilibrated solution using the
appropriate solvent system. The elution was assisted by applying pressure of about 2 atm with
an air pump.

Instrumentations

Proton nuclear magnetic resonance (‘H NMR) and carbon NMR (*C NMR) were recorded in
CDCl; otherwise stated. Chemical shifts are reported in parts per million (ppm), using the
residual solvent signal as an internal standard: CDCl; (‘"H NMR: 6 7.26, singlet; >C NMR: ¢
77.16, triplet). Multiplicities were given as: s (singlet), d (doublet), ¢ (triplet), g (quartet),
quintet, m (multiplets), dd (doublet of doublets), d¢ (doublet of triplets), and br (broad).
Coupling constants (J) were recorded in Hertz (Hz). The number of proton atoms (n) for a
given resonance was indicated by #H. The number of carbon atoms (7) for a given resonance
was indicated by nC. HRMS (Analyzer: TOF) was reported in units of mass of charge ratio

(m/z). Mass samples were dissolved in CH;CN (HPLC Grade) unless otherwise stated.
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Optical rotations were recorded on a polarimeter with a sodium lamp of wavelength 589 nm
and reported as follows; [a]ioc (c = g/100 mL, solvent). Melting points were determined on

a melting point apparatus.

Enantiomeric excesses were determined by chiral High Performance Liquid Chromatography
(HPLC) analysis. UV detection was monitored at 254 nm and 210 nm at the same time. HPLC
samples were dissolved in HPLC grade isopropanol (IPA) unless otherwise stated.

Materials

All commercial reagents were purchased with the highest purity grade. They were used
without further purification unless specified. All solvents used, mainly petroleum ether (PE)
and ethyl acetate (EtOAc) were distilled. Anhydrous DCM, CH;CN were freshly distilled
from CaH, and stored under N, atmosphere. THF, Et,O, MTBE, 1,2-dimethoxyethane, CPME,
and toluene were freshly distilled from sodium/benzophenone before use. All compounds
synthesized were stored in a —20 °C freezer and light-sensitive compounds were protected

with aluminium foil.
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2. Optimization of reaction conditions

Table S1. Optimization of Reaction Conditions.”

o)
-
3 W blue LED PhHN&g%kPh

0
HoQ ){WPh
.
N Aoy * P T

Ph 'OH
1a 2a 3a
tBu
X
Ar F3C. >/NH N
/| NH Q
MeO s N _CN Q o Cf:Ar=26Mey4-tBuCeH,
| I - pZ C2: Ar = 2-naphthyl £.d C4:X=S
MeO—> N >CN G OH C3: Ar=35-(tBujyd-MeOCeH, '3 C5:X=0
\ C15: Ar = 4-CICgH,
DPZ Ar C16: Ar = 1-naphthyl
C17: Ar = CgHs
C18: Ar = 2-naphthyl
Ar Ar C19: Ar= 3,5-(CF3)2C6H3
OO ‘O C20: Ar = 4-MeOCgH,4
C21: Ar = 4-pyrenyl
O Osp® C22: Ar = 2,4,6-(tBu),CqH,
O™ "OH O™ "OH C23: Ar = 2-MeO-5-MeCgHs
OO ‘O C24: Ar = 3,5-Ph,CgH3
Ar Ar C25: Ar = 2-MeOCgH,
C26: Ar = 4-PhCgH,4
C6: Ar = 3,5-(CF3),CeH3 C9: Ar=3,5-(CF3),CeHz  C12: Ar = 9-anthryl C27: Ar = 3,5-Cl,CgH3
C7: Ar = 4-MeOCgH,4 C10: Ar = 4-MeOCgHy C13: Ar = 4-tBuCgH4 C28: Ar = 2,4,6-Me,CgH,
C8: Ar = 3,5-Ph,CgHs C11: Ar = 3,5-Ph,CeHs C14: Ar = 9-phenanthryl  C29: Ar = TRIP
Entry PC (mol%) Cat. Solvent T (°C) Additive (equiv/mg) ee (%)°
1 DPZ[1.0] -  CHCl, 25 -
2 DPZ[1.0] C4 CH)Cl, 25 -- 0
3 DPZ[1.0] C5 CH)Cl, 25 -- 0
4 DPZ[1.0] C6 CH)Cl, 25 -- 7
5 DPZ[1.0] €7 CH.Cl, 25 - 12
6 DPZ[1.0] €8 CH)Cl, 25 -- 34
7 DPZ[1.0] C9 CH)Cl, 25 -- 18
8 DPZ[1.0] C10 CH)Cl, 25 -- 16
9 DPZ[1.0] C11 CH)Cl, 25 -- 23
10 DPZ[1.0] CI12 CH)Cl, 25 - 36
11 DPZ[1.0] C13 CH)Cl, 25 -- 2
12 DPZ[1.0] C14 CH)Cl, 25 -- 45
13 DPZ[1.0] C15 CH,Cl, 25 - 11
14 DPZ[1.0] C16 CH),Cl, 25 -- 18
15 DPZ[1.0] C17 CH)Cl, 25 -- 15
16 DPZ[1.0] C18 CH)Cl, 25 -- 15
17 DPZ[1.0] C19 CH)Cl, 25 - 32
18 DPZ[1.0] €20 CH,Cl, 25 - 11
19 DPZ[1.0] €21 CH)Cl, 25 - 24
20 DPZ[1.0] Cl4 EuO 25 - 41
21 DPZ[1.0] C14 Tol 25 -- 40
22 DPZ[1.0] Cl4 CH;CN 25 - 61
23 DPZ[1.0] €22 CH;CN 25 -- 65
24 DPZ[1.0] €23 CH;CN 25 - 41
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25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

DPZ [1.0]
DPZ [1.0]
DPZ [1.0]
DPZ [1.0]
DPZ [1.0]
DPZ [1.0]
DPZ [1.0]
DPZ [1.0]
DPZ [1.0]
DPZ [1.0]
DPZ [1.0]
DPZ [1.0]
DPZ [1.0]
DPZ [1.0]
DPZ [1.0]
DPZ [1.0]
DPZ [1.0]
DPZ [1.0]
DPZ [1.0]
DPZ [1.0]
DPZ [1.0]
DPZ [1.0]
DPZ [1.0]
DPZ [1.0]
DPZ [1.0]
DPZ [1.0]
DPZ [1.0]
DPZ [1.0]
DPZ [1.0]
DPZ [1.0]
DPZ [1.0]
DPZ [1.0]
DPZ [1.0]
DPZ [1.0]
DPZ [1.0]
DPZ [1.0]
DPZ [1.5]
DPZ [2.0]
DPZ [1.5]
DPZ [1.5]
DPZ [1.5]
DPZ [1.5]
DPZ [1.5]
DPZ [1.5]

C24
C25
C26
C27
C28
C28
C28
C28
C28
C28
C28
C28
C28
C28
C28
C28
C28
C28
C28
C28
C28
C28
C28
C28
C28
C28
C28
C28
C28
C28
C28
C28
C28
C28
C28
C28
C28
C28
C28
C28
C28
C28
C28
C28

CH;CN
CH;CN
CH;CN
CH;CN
CH;CN
THF
DCM
Tol.
Et,0
CPME
MTBE
MTBE
MTBE
MTBE
MTBE
MTBE
MTBE
MTBE
MTBE
MTBE
MTBE
MTBE
MTBE
MTBE
MTBE
MTBE
MTBE
MTBE
MTBE
MTBE
MTBE
MTBE
MTBE
MTBE
MTBE
CPME
CPME
CPME
CPME
CPME
CPME
CPME
CPME
CPME

25
25
25
25
25
25
25
25

25
25
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
20
15

10
10
10
10
10
10
10
10
10

5A MS (25 mg)

4A MS (25 mg)

3A MS (25 mg)

SAMS (35 mg)

5A MS (25 mg) + K5PO, (0.2 equiv)
5A MS (25 mg) + K,HPO, (0.2 equiv)
5A MS (25 mg) + KH,PO, (0.2 equiv)
5A MS (25 mg) + KPFg (0.2 equiv)
5A MS (25 mg) + NaPF; (0.2 equiv)
5A MS (25 mg) + LiPF¢ (0.2 equiv)
5A MS (25 mg) + LiBF, (0.2 equiv)
5A MS (25 mg) + NaBATF (0.2 equiv)
5A MS (25 mg) + NaOAc (0.2 equiv)
5A MS (25 mg) + PhCO,Na (0.2 equiv)
5A MS (25 mg) + NaF (0.2 equiv)

5A MS (25 mg) + NaBr (0.2 equiv)
5SA MS (25 mg) + NayS,04 (0.2 equiv)
5A MS (25 mg) + NayS,05 (0.2 equiv)
5A MS (25 mg) + Nal (0.2 equiv)

5A MS (25 mg) + KBr (0.2 equiv)

5SA MS (25 mg) + NayS,04 (0.2 equiv)
5A MS (25 mg) + NayS,04 (0.2 equiv)
SA MS (25 mg) + NayS,04 (0.2 equiv)
5SA MS (25 mg) + NayS,04 (0.2 equiv)
5SA MS (25 mg) + NayS,04 (0.2 equiv)
SA MS (25 mg) + NayS,04 (0.2 equiv)
5A MS (25 mg) + TBAB (0.3 equiv)
5A MS (25 mg) + TBAC (0.3 equiv)
5A MS (25 mg) + TBAI (0.3 equiv)
5A MS (25 mg) + TOAB (0.3 equiv)
5A MS (25 mg) + TBAB (0.5 equiv)
5A MS (25 mg) + TBAB (1.0 equiv)

51
41
27
33
62
67
57
44
66
69
70
74
80
78
68
75
23
80
80
82
82
80
75
79
78
75
82
82
85
81
80
77
80
81
68
87
88
88
87
85
85
87
88
87
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69 DPZ[1.5] C1 CPME 10 5A MS (25 mg) + TBAB (0.3 equiv) 89
70 DPZ[15] €1 CPME 10 5A MS (25 mg) + TBPB (0.3 equiv) 90
71 DPZ[1.5] C1 CPME 10 5A MS (25 mg) + Na,S,04 (0.2 equiv) 88
7 DPZ[15] C1 CPME 10 5A MS (25 mg) + NayS$,04 (0.5 equiv) 89
73 DPZ[1.5] C1 CPME 10 5A MS (25 mg) + Na,S,04 (1.0 equiv) 88
74 DPZ[15] €1 CPME 10 5A MS (25 mg) + Na;S,0, (0.5 equiv) + TBPB (0.3 equiv) 93¢
75 DPZ[1.5] €2 CPME 10 5A MS (25 mg) + Nay$,0; (0.5 equiv) + TBPB (0.3 equiv) 76
76 DPZ[1.5] €3 CPME 10 5A MS (25 mg) + Na;$,0; (0.5 equiv) + TBPB (0.3 equiv) 67
77 DPZ[1.5] (€29 CPME 10 5A MS (25 mg) + Na,$,04 (0.5 equiv) + TBPB (0.3 equiv)  72°
78 Ru*[1.5]" €3 CPME 10 5A MS (25 mg) + Na,8,04 (0.5 equiv) + TBPB (0.3 equiv) 89
79 RB[1.5]% C3 CPME 10 5A MS (25 mg) + Na;S,04 (0.5 equiv) + TBPB (0.3 equiv) 91

* Reaction conditions: 1a (0.075 mmol), 2a (0.05 mmol), chiral catalyst (10 mol%), degassed solvent (1.0 mL),
irradiation with blue LED (3 W, 450 nm), 12-36 h. ® Determined by HPLC analysis on a chiral stationary phase. ©
Yield = 62% (Isolated by flash column chromatography on silica gel). ¢ Yield = 78% (Isolated by flash column
chromatography on silica gel). ¢ Yield = 76% (Isolated by flash column chromatography on silica gel).
Ru(bpy),Cl,*6H,0. ¢ RB = Rose Bengal.
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3. General experimental procedures

(1) General procedure for asymmetric radical-radical cross—coupling of N-aryl glycines

1 with 1,2-diketones 2

DPZ (1.5 mol%)

C1 (10 mol%) o
40 A _ TBPB(30mol%)
. .
N \)J\OH T NaS;,0, (05 equiv) - AHNT S A
5 A MS (50 mg) Ar OH
, CPME, 10 °C
3 Wblue LED 3

36h

106.3 uL (0.0015 mmol, 0.015 equiv) of DPZ solution (1.0 mg of DPZ in 200 uL of toluene)
was added into a 10 mL Schlenk tube, and then solvent was removed in vacuo. Subsequently,
1 (0.15 mmol, 1.5 equiv), 2 (0.10 mmol, 1.0 equiv), C1 (0.01 mmol, 0.10 equiv), TBPB (0.03
mmol, 0.3 equiv), Na,S,0, (0.05 mmol, 0.5 equiv), SA MS (50 mg) and CPME (2.0 mL)
were sequentially added, degassed three times by freeze-pump-thaw method. The reaction
mixture was stirred under an argon atmosphere at 10 °C (the temperature was maintained in
an incubator) and in dark for 30 min, then irradiated by a 3 W blue LED (4 = 450—455 nm)
from a 2.0 cm distance for another 36 h. The reaction mixture was directly loaded onto a short
silica gel column, followed by gradient elution with petroleum ether/ethyl acetate
(100/1-50/1 ratio). Removing the solvent in vacuo, afforded products 3a—3q.

For product 3r, the procedure is similar but with the following reaction conditions: 1 (0.15
mmol), 2 (0.1 mmol), DPZ (1.5 mol%), C2 (10 mol%), 4 A MS (50 mg), CPME (2.0 mL), —5
°C, degassed and under an argon atmosphere, 36 h.

(2) General procedure for asymmetric radical-radical cross—coupling of N-aryl glycine

1h with isatins 4
NHAr
0]
o DPZ (1.0 mol%) 4 OH
AN 0 B
W, ¢ o — e [ ] o
~ > THF, 10
A oH R/ N\ 3 Whblue LED KN
Boc 36 h R \
Boc
1h: Ar = 2-Me-4-MeOPh 4 5

70.9 uL (0.001 mmol, 0.01 equiv) of DPZ solution (1.0 mg of DPZ in 200 xL of toluene) was
added into a 10 mL Schlenk tube, and then solvent was removed in vacuo. Subsequently, 1h
(0.15 mmol, 1.5 equiv), 4 (0.10 mmol, 1.0 equiv), C3 (0.02 mmol, 0.2 equiv) and THF (2.0
mL) were sequentially added, degassed three times by freeze-pump-thaw method. The
reaction mixture was stirred under an argon atmosphere at 10 °C (the temperature was

maintained in an incubator) and in dark for 30 min, then irradiated by a 3 W blue LED (1 =
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450—455 nm) from a 5.0 cm distance for another 36 h. The reaction mixture was directly
loaded onto a short silica gel column, followed by gradient elution with petroleum ether/ethyl

acetate (80/1-5/1 ratio). Removing the solvent in vacuo, afforded products Sa—5I.
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4. Mechanism studies

Emission quenching experiments

Emission intensities were recorded on a spectrofluorometer. DPZ solution was excited at 448
nm and the emission intensity at 544 nm was observed. The appropriate amount of quencher
was added to a solution of DPZ (5.0x107° M) in CPME in 5.0 mL volumetric flask under N..
The solution was transferred to a 1.5 mL quartz cell and the emission spectrum of the sample

was collected.

y=9.030x+1.007

R2=U.‘J')T

J ] L4 ] ! I ¢ I ¥ 1
0.000 0.005 0.010 0.015 0.020 0.025
[Amino acids](M)

Fig. S1. Stern—Volmer quenching experiment of DPZ and 1a.

1.2 1
1.1+
= 1.0 5 ¥ v
-
0.9 +
0.8 v T T T v T T T
0.000 0.002 0.004 0.006 0.008

[1,2-diketones| (M)

Fig. S2. Stern—Volmer quenching experiment of DPZ and 2a. No quenching observed.
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5. Procedures of synthetic applications

o) o) [b] HCHO o
[a] TCCA, H,S0, OHC-CHO
——— —_—
PMPHN™ "> ~Ph 5 HNT P NHLOAC (/:, NP
PhOH Ph" OH N= Ph OH
Cl \N)LN/CI
7: 65% yield
3g: 92% ee 6 92% ee
og\rﬂ/go °
Cl 1cea
NHAr NHAr NHTs
2 OH 2 OBoc 2 OBoc
: [c] (Boc),0 : [d] TCCA, H,SO,4 g
—_— _—
o) o [e] TsCI o
N N N
\ \ \
Boc Boc Boc
. 8: 98% yield 9: 72% yield
5a: 91% ee 91% ee 91% ee

Step A: To a solution of 3g (0.4 mmol, 1.0 equiv) in 4.0 mL acetonitrile and 4.0 mL water,
TCCA (0.2 mmol, 0.5 equiv) and 0.4 mL H,SO, (1.0 M) were added at 0 °C. The mixture was
stirred for 16 h at room temperature. After removal of acetonitrile by evaporation, the
resulting aqueous phase washed with 4.0 mL CH,Cl, for three times. The resulting aqueous
phase was subsequently regulated to pH 11.0 through addition of saturated Na,COj; solution.
The aqueous solution was extracted with 5.0 mL EtOAc for three times. The combined
organic layers were dried over Na,SO,4 and concentrated in vacuo afforded product 6, which
was used for the next step without further purification.

Step B: Product 6, glyoxal (0.8 mmol, 2.0 equiv), formaldehyde (0.8 mmol, 2.0 equiv),
ammonium chloride (0.8 mmol, 2.0 equiv) was dissolved in methanol (0.5 mL). The reaction
was heated at 80 °C for 5 h. After cooling to room temperature, the solvent was evaporated,
NaOH (2.0 N, aq.) was added and the product was extracted with DCM (5 x 5 mL). The
combined organic layers were dried over Na,SO,, concentrated in vacuo. The reaction
mixture was directly loaded onto a short silica gel column, followed by gradient elution with
dichloromethane/methanol (100/1-30/1 ratio). Removing the solvent in vacuo, afforded
product 7 in 65% of yield over two steps and with 92% ee.

Step C: To a solution of 5a (0.4 mmol, 1.0 equiv) in 4.0 mL DCM, DMAP (0.08 mmol, 0.2
equiv) and di-zert-butyl dicarbonate (0.44 mmol, 1.1 equiv) were added at 0 °C. The mixture
was stirred for 0.5 h at room temperature. The reaction mixture was directly loaded onto a
short silica gel column, followed by gradient elution with petroleum ether/ethyl acetate
(30/1-20/1 ratio). Removing the solvent in vacuo, afforded product 8 in 98% yield.

Steps D and E: To a solution of 8 (0.4 mmol, 1.0 equiv) in 4.0 mL acetonitrile and 4.0 mL
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water, TCCA (0.2 mmol, 0.5 equiv) and 0.4 mL H,SO4 (1.0 M) were added at 0 °C. The
reaction worked for 16 h at room temperature. The reaction mixture was subsequently
regulated to pH 11.0 through adding saturated Na,CO; solution. The aqueous solution was
extracted with 5.0 mL EtOAc for three times. The combined organic layers were dried over
Na,SO, and concentrated in vacuo. The ethyl acetate solution of amine was cooled to 0 °C,
and then triethylamine (0.8 mmol, 2.0 equiv) with 4-tosyl chloride (0.8 mmol, 2.0 equiv) were
added. The reaction was stirred for 5 h at room temperature. The reaction mixture was
directly loaded onto a short silica gel column, followed by gradient elution with petroleum
ether/ethyl acetate (30/1-5/1 ratio). Removing the solvent in vacuo, afforded product 9 in

72% of yield over two steps and with 91% ee.
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6. Determination of the absolute configurations
Absolute configurations of 3a-p, 3r and 7 are determined by X-ray structure analysis of the

product 3q.

C16

Fig. S3 Absolute configuration of 3q (CCDC 1836991).
Displacement ellipsoids are drawn at the 30% probability level. (Solvent: EA:PE = 1:10)

Absolute configurations of 5a-1 are determined by X-ray structure analysis of the product 9.
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Fig. S4 Absolute configuration of 11 (CCDC 1843336).

Displacement ellipsoids are drawn at the 30% probability level. (Solvent: dichloromethane)
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7. Characterization of adducts

o Yellow oil; 27.0 mg, 85% yield; 93% ee; [0,]2]32 +195.8 (¢ 2.0, CHCL);
PhHN S Ph 'H NMR (300 MHz, CDCl5) § 7.79 (d, J = 7.4 Hz, 2H), 7.47 (d, J =
Ph "OH 7.2 Hz, 2H), 7.37 — 7.13 (m, 6H), 7.06 (t, J= 7.9 Hz, 2H), 6.67 (t, J =

3a

7.3 Hz, 1H), 6.59 (d, J = 7.8 Hz, 2H), 4.54 (s, 1H), 4.05 (d, /= 12.9
Hz, 1H), 3.42 (d, J = 12.9 Hz, 1H); °C NMR (75 MHz, CDCl;) § 200.7, 148.3, 140.2, 134.5,
133.0, 130.6, 129.4, 129.2, 128.4, 128.3, 125.2, 119.2, 114.6, 82.4, 53.7; HRMS (ESI) m/z
318.1489 (M+H"), calc. for CyHyN,0, 318.1494.

The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 95/5; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 7.1 min

(major) and 8.5 min (minor).

10093 1-7.075
2 - 8.388
40
0] - ! ! T "min
Entry Retention Time Area Height %Area
1 7.075 23.8053 93.94 50.81
2 8.388 23.0462 85.84 49.19
500+ AU 11-7.105
100 +
. . | _12-8.463
Entry Retention Time Area Height %Area
1 7.105 120.5333 468.63 96.78
2 8.463 4.0084 14.23 3.22
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0] Yellow solid; Mp 74.7 — 75.2 °C; 29.2 mg, 83% yield; 90% ee; [(1]2,)2
ArHN/\:%J\Ph +140.4 (c 2.0, CHCl;); 'H NMR (300 MHz, CDCI3) & 7.76 (d, J =
PR OH 7.6 Hz, 2H), 7.45 (d, /= 7.2 Hz, 2H), 7.41 — 7.16 (m, 6H), 7.00 (d, J

3b: Ar=4-CIPh = 8.7 Hz, 2H), 6.50 (d, J = 8.8 Hz, 2H), 4.49 (s, 1H), 4.02 (d, J =

12.8 Hz, 1H), 3.41 (d, J = 12.8 Hz, 1H); >*C NMR (75 MHz, CDCl3) & 200.6, 146.8, 139.9,
134.2, 133.1, 130.5, 129.2, 128.5, 128.3, 125.2, 123.7, 115.6, 82.2, 53.6; HRMS (ESI) m/z
352.1113 (M+H"), calc. for CyH;oN;0,Cl, 352.1104.

The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 95/5; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 7.5 min

(major) and 9.2 min (minor).

500: I 12-9.094
1254
99 : : : : : : : : min
6.28 6.50 7.00 7.50 8.00 8.50 9.00 9.50 10.00 10.42
Entry Retention Time Area Height %Area
1 7.386 202.8690 518.39 49.98
2 9.094 203.0450 495.29 50.02
Entry Retention Time Area Height %Area
1 7.458 49.3688 213.11 94.99
2 9.179 2.6047 9.92 5.01
) Yellow solid; Mp 74.5 — 75.7 °C; 33.7 mg, 85% yield; 91% ee; [a]};
ArHN/\:ekPh +137.7 (¢ 2.0, CHCLy); '"H NMR (300 MHz, CDCl3) & 7.85 (d, J = 7.5
Ph- OH Hz, 2H), 7.55 (d, J= 7.2 Hz, 2H), 7.50 — 7.20 (m, 8H), 6.55 (d, /= 8.8
3c: Ar =4-BrPh

Hz, 2H), 4.57 (s, 1H), 4.11 (d, J = 12.8 Hz, 1H), 3.51 (d, J= 12.8 Hz,

1H); C NMR (75 MHz, CDCl3) & 200.6, 147.2, 139.8, 134.2, 133.1, 132.1, 130.5, 129.2,
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128.5, 128.3, 125.2, 116.0, 110.8, 82.2, 53.4; HRMS (ESI) m/z 396.0598 (M+H"), calc. for

C21H19N102Br1 396.0599.

The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 95/5; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 7.8 min

(major) and 9.7 min

(minor).

261

4| mAU

2004

150

100

50

1-7.824

12-9.706

r T
6.63 7.00 7.

T T
50 8.00

T
10.00

T
10.50

n
11.01

Entry Retention Time Area Height %Area

1 7.824 72.2412 205.21 49.92

2 9.706 72.4748 185.87 50.08

Entry Retention Time Area Height %Area

1 7.793 65.9559 267.97 95.47

2 9.683 3.1275 10.06 4.53
@) Yellow oil; 31.3 mg, 89% yield; 90% ee; [(X]ZDZ +120.3 (¢ 2.0, CHCLy);
ArHN/\:ekPh 'H NMR (300 MHz, CDCl3) & 7.74 (d, J = 7.4 Hz, 2H), 7.45 (d, J =
Ph™ OH 7.1 Hz, 2H), 7.41 — 7.15 (m, 6H), 6.95 (t, /= 8.0 Hz, 1H), 6.62 (d, J =
3d: Ar = 3-CIPh

7.9 Hz, 1H), 6.54 (d, J = 1.9 Hz, 1H), 6.44 (dd, J = 8.2, 1.6 Hz, 1H),

4.45 (s, 1H), 4.03 (m, 2H), 3.45 (d, J = 12.8 Hz, 1H); >C NMR (75 MHz, CDCls) & 200.5,

149.4, 139.8, 135.1, 134.2, 133.2, 130.4, 130.3, 129.2, 128.6, 128.3, 125.3, 118.9, 114.0,

112.8, 82.2, 53.0; HRMS (ESI) m/z 352.1098 (M+H"), calc. for C;H;9N;0,Cl; 352.1104.

The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 95/5; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 7.4 min

(major) and 10.3 min (minor).




S18

mAU
2504

200

1504

1004

50

\1-7.263

2-9.721

) 10 20

30 40

50 60

T
7.0

10.0 11

Entry Retention Time Area Height %Area
1 7.263 36.0975 82.57 50.97
2 9.721 34.7255 74.73 49.03

Entry Retention Time Area Height %Area
1 7.441 68.0407 260.49 94.88
2 10.319 3.6742 11.66 5.12

3e: Ar = 4-MePh

22

Yellow oil; 28.2 mg, 85% yield; 91% ee; [a], +94.2 (¢ 2.0, CHCl;);

'"H NMR (300 MHz, CDCl3) § 7.79 (d, J = 7.5 Hz, 2H), 7.46 (d, J =

7.3 Hz, 2H), 7.33 (m, 3H), 7.19 (m, 3H), 6.88 (d, J = 8.1 Hz, 2H), 6.53

(d, J= 8.3 Hz, 2H), 4.62 (s, 1H), 4.03 (d, J = 12.7 Hz, 1H), 3.35 (d, J =

12.7 Hz, 1H), 2.14 (s, 3H); °C NMR (75 MHz, CDCls) § 200.6, 145.7, 140.1, 134.3, 132.9,

130.5, 129.8, 129.0, 128.6, 128.3, 128.1, 125.0, 114.9, 82.1, 54.3, 20.5; HRMS (ESI) m/z

332.1660 (M+H"), calc. for C»;H»nN,0, 332.1651.

The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 90/10; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 6.5 min

(major) and 7.9 min (minor).




S19

007 \1-6.349 12 - 7.824
g1 : : : : : : : : min
0.11 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 8.40
Entry Retention Time Area Height %Area
1 6.349 91.4757 350.96 49.09
2 7.820 94.8612 342.96 50.91
400 11-6.487
200+
|2 - 7.94
_42: : : rhin
Entry Retention Time Area Height %Area
1 6.487 83.8961 388.80 95.45
2 7.949 4.0032 18.08 4.55
) Yellow solid; Mp 73.0 — 74.6 °C; 25.8 mg, 78% yield; 90% ee; [o]n
ArHN/\:ekPh +83.2 (¢ 2.0, CHCLy); 'H NMR (300 MHz, CDCl;) 6 7.89 (d, J = 7.4
Ph OH

Hz, 2H), 7.57 (d, J = 7.2 Hz, 2H), 7.48 — 7.27 (m, 6H), 7.06 (m, 1H),
3f: Ar=3-MePh 661 (d,J =74 Hz, 1H), 6.52 (s, 2H), 4.63 (s, 1H), 4.14 (d, J = 12.8
Hz, 1H), 3.51 (d, J = 12.8 Hz, 1H), 2.26 (s, 3H); °C NMR (75 MHz, CDCl;) & 200.6, 148.2,
140.2, 139.3, 134.4, 33.0, 130.6, 129.3, 129.1, 128.4, 128.2, 125.2, 120.1, 115.4, 111.8, 82.2,
53.8,21.7; HRMS (ESI) m/z 332.1652 (M+H"), calc. for C2,H,»N,0;, 332.1651.

The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 95/5; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 7.3 min

(major) and 8.9 min (minor).



S20

559 5

mAU - 7.159
500 |2 - 8.668
884 : : : : : min
6.08 7.00 8.00 9.00 10.00 11.00 11.23
Entry Retention Time Area Height %Area
1 7.159 163.8425 539.85 49.93
2 8.668 164.2897 488.66 50.07
200.] 1-7.319
| 2 -8.871
732: : 'I : T : : ™I
Entry Retention Time Area Height %Area
1 7.319 69.7140 305.77 94.97
2 8.871 3.6911 14.32 5.03

Ph

39: Ar = 4-OMePh

Yellow oil; 29.5 mg, 85% yield; 92% ee; [o]n +36.2 (¢ 2.0, CHCly);

ArHN/\\_%kPh 'H NMR (300 MHz, CDCl3) & 7.89 (d, J = 7.6 Hz, 2H), 7.56 (d, J =
7.3 Hz, 2H), 7.34 (m, 6H), 6.71 (dd, J = 27.5, 8.9 Hz, 4H), 4.79 (s, 1H),

4.12 (d, J = 12.6 Hz, 1H), 3.74 (s, 3H), 3.38 (d, J = 12.6 Hz, 1H); °C
NMR (75 MHz, CDCl;) 6 200.6, 153.4, 142.1, 140.3, 134.4, 133.0, 130.6, 129.1, 128.3, 128.2,
125.1, 116.4, 114.9, 82.1, 55.8, 55.3; HRMS (ESI) m/z 348.1614 (M+H"), calc. for
CH,,N, 05 348.1600.

The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 95/5; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 13.0 min

(major) and 18.6 min (minor).



S21

1504

1004

\1-13.066

Entry Retention Time Area Height %Area
1 13.066 47.3003 121.84 49.94
2 18.583 47.4123 89.47 50.06

Entry Retention Time Area Height %Area
1 13.041 142.1831 351.23 96.10
2 18.591 5.7710 11.04 3.90

22

Yellow oil; 24.4 mg, 69% yield; 88% ee; [a]y +62.8 (c 2.0,

PhHN CHCl;); '"H NMR (300 MHz, CDCl3) & 7.98 (m, 2H), 7.53 (m,

F 2H), 7.19 (t, J= 7.8 Hz, 2H), 7.10 (t, J= 8.6 Hz, 2H), 6.99 (t,

J=18.6 Hz, 2H), 6.80 (t, /= 7.3 Hz, 1H), 6.72 (d, J = 8.0 Hz,

] 3 2H), 4.58 (s, 1H), 4.12 (d, J=13.0 Hz, 1H), 3.40 (d, /= 13.0

Hz, 1H); "C NMR (75 MHz, CDCl;) & 198.6, 167.3, 164.3, 163.9, 161.1, 148.1, 135.8, 135.7,

133.6, 135.5, 130.5, 130.4, 129.5, 126.8, 126.7, 119.5, 116.3, 116.0, 115.6, 115.3, 114.7, 82.0,
54.3; HRMS (ESI) m/z 354.1308 (M+H"), calc. for C,;H;sN,0,F, 354.1306.

The ee was determined by HPLC analysis: CHIRALPAK cellulose-3 (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 90/10; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 18.6 min

(minor) and 22.0 min (major).



S22

70.0 mAU \1-19.511 2 -23.411
100 : : : : : : : : : : mi'n
0.0 25 5.0 7.5 10.0 12.5 15.0 17.5 20.0 225 25.0 28.0
Entry Retention Time Area Height %Area
1 19.511 93.4565 64.37 48.98
2 23.411 97.3659 62.88 51.02
1409(—— 2-22.012
504
R H 1 -18.641
Entry Retention Time Area Height %Area
1 18.641 9.6307 7.93 6.08
2 22.012 148.6794 129.21 93.92

PhHN

22

Yellow oil; 27.8 mg, 72% yield; 84% ee; [a], +157.9 (c 2.0,
CHCl3); '"H NMR (300 MHz, CDCl;) & 7.80 (d, J = 8.6 Hz,

cl 2H), 7.40 (d, J = 8.6 Hz, 2H), 7.30 (d, J = 8.6 Hz, 2H), 7.20

(m, 2H), 7.11 (t, J = 7.9 Hz, 2H), 6.73 (t, J = 7.3 Hz, 1H),

Cl 3i

6.64 (d, J = 7.9 Hz, 2H), 4.47 (s, 1H), 4.03 (d, J = 13.1 Hz,

1H), 3.29 (d, J = 13.1 Hz, 1H); °C NMR (75 MHz, CDCl;) 5 198.8, 148.0, 139.7, 138.4,
134.5, 132.4, 132.2, 129.5, 129.4, 128.6, 126.3, 119.6, 114.8, 82.1, 54.2; HRMS (ESI) m/z
386.0719 (M+H"), calc. for CyH;gN,0,Cl, 386.0715.

The ee was determined by HPLC analysis: CHIRALPAK IB (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 90/10; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 8.4 min

(minor) and 9.9 min (major).



$23

395+

mAU

3004

2004

\1-8.279

12-9.729
7456-.01 7.00 8.00 9.00 10°00 T 1115

Entry Retention Time Area Height %Area

1 8.279 40.7934 163.78 50.13

2 9.729 40.5842 154.52 49.87
Entry Retention Time Area Height %Area

1 8.354 8.6818 35.45 8.02

2 9.866 99.5794 376.29 91.98

22

Yellow oil; 36.1 mg, 76% yield; 86% ee; [a]; +86.4 (c 2.0,

CHCls); 'H NMR (300 MHz, CDCls) § 7.80 (d, J = 8.6 Hz, 2H),

BI' 754 (d, /= 8.6 Hz, 2H), 7.44 (m, 4H), 7.19 (¢, J = 7.9 Hz, 2H),

6.81 (t, J=7.3 Hz, 1H), 6.72 (d, J = 7.8 Hz, 2H), 4.53 (s, 1H),
4.11 (d, J = 13.1 Hz, 1H), 3.36 (d, J = 13.1 Hz, 1H); *C NMR (75 MHz, CDCl;) § 199.1,
148.1, 139.0, 132.9, 132.5, 132.3, 131.7, 129.6, 128.7, 126.7, 122.8, 119.8, 114.9, 82.3, 54.3.

The ee was determined by HPLC analysis: CHIRALPAK cellulose-4 (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 95/5; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 9.3 min
(minor) and 10.7 min (major) ; HRMS (ESI) m/z 473.9696 (M+H"), calc. for Cy;H;sN;0,Br,

473.9704.



S24

o] N
Entry Retention Time Area Height %Area
1 9.258 45.3990 133.40 49.04
2 10.590 47.1722 118.03 50.96
04 AN L ~ I —
Entry Retention Time Area Height %Area
1 9.260 6.1037 17.07 7.00
2 10.680 81.1539 195.05 93.00

Yellow solid; Mp 71.4 — 72.5 °C; 28.0 mg, 81% yield; 93% ee;

[a]s +156.7 (¢ 2.0, CHCL); '"H NMR (300 MHz, CDCL) &

Me 783 (d, J = 8.2 Hz, 2H), 7.45 (d, J = 8.1 Hz, 2H), 7.27 — 7.10

(m, 6H), 6.78 (t, J= 7.3 Hz, 1H), 6.71 (d, J = 7.9 Hz, 2H), 4.68
(s, 1H), 4.13 (d, J = 12.7 Hz, 1H), 3.55 (d, J = 12.7 Hz, 1H), 2.37 (s, 3H), 2.34 (s, 3H); °C
NMR (75 MHz, CDCl;) 6 200.2, 148.3, 143.9, 138.1, 137.4, 131.7, 130.7, 129.8, 129.4, 128.9,
125.1, 119.0, 114.5, 82.0, 53.6, 21.7, 21.3; HRMS (ESI) m/z 346.1808 (M+H"), calc. for
Cy3H,4N; 0, 346.1807.

The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 95/5; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 9.7 min

(major) and 12.3 min (minor).



$25

1409 AT 1-9.695
E 12-12.216
04 N - Il T
7205.00 1.25 2.50 3.75 5.00 6.25 7.50 8.75 10.00 11.25 1250 13148
Entry Retention Time Area Height %Area
1 9.695 39.5473 130.10 50.21
2 12.216 39.2218 110.10 49.79
480 AT 1-9.713
0 L 12 - 12.258
Entry Retention Time Area Height %Area
1 9.713 119.2228 412.78 96.52
2 12.258 4.3016 4.3016 3.48

PhHN

iPr 3|

22

Yellow oil; 33.3 mg, 83% yield; 91% ee; [a]y +201.6 (c
2.0, CHCl3); "H NMR (300 MHz, CDCl3) 5 7.83 (d, J= 8.3

iPr  Hz, 2H), 7.46 (d, J = 8.2 Hz, 2H), 7.23 (d, J = 4.6 Hz, 2H),

7.13 (t, J = 8.8 Hz, 4H), 6.73 (t, J = 7.3 Hz, 1H), 6.65 (d, J

= 7.8 Hz, 2H), 4.64 (s, 1H), 4.10 (d, J = 12.7 Hz, 1H), 3.54

(d, J = 12.7 Hz, 1H), 2.98 — 2.77 (m, 2H), 1.24 (d, 6H), 1.19(d, 6H); '°C NMR (75 MHz,

CDCl;) 6 200.4, 154.6, 149.1, 148.4, 137.7, 132.1, 131.0, 129.4, 127.3, 126.5, 125.3, 119.0,

114.5, 53.5, 34.4, 34.0, 24.1, 23.8, 23.8; HRMS (ESI) m/z 402.2427 (M+H"), calc. for

Cy7H3:N,0, 402.2433.

The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 95/5; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 8.5 min

(major) and 10.5 min (minor).




$26

caa] ™ e
\2-9.278
0% v 2o ) 0 5o oo 7o ) ) ="
Entry Retention Time Area Height %Area
1 7.685 17.6257 62.24 51.75
2 9.278 16.4313 54.85 48.25
Entry Retention Time Area Height %Area
1 8.546 358.6272 1062.45 95.36
2 10.534 17.4492 47.06 4.64

PhHN

tBu

3m

tBu

Yellow solid; Mp 57.7 — 58.5 °C; 36.5 mg, 85% yield; 90%
ee; [0L]2D2 +89.6 (c 2.0, CHCl5); '"H NMR (300 MHz, CDCls)

57.85 (d, J= 8.5 Hz, 1H), 7.49 (d, J = 8.5 Hz, 1H), 7.42 (d,

J=8.5Hz, 1H), 7.34 (d, J = 8.5 Hz, 1H), 7.15 (t, J = 7.9

Hz, 1H), 6.75 (t, J = 7.3 Hz, OH), 6.67 (d, J = 7.9 Hz, 1H),

4.66 (s, 0H), 4.12 (d, J = 12.7 Hz, 1H), 3.58 (d, J = 12.7 Hz, 1H), 1.33 (s, 3H), 1.28 (s, 3H);

C NMR (75 MHz, CDCl;) § 200.5, 156.9, 151.4, 148.4, 137.3, 131.7), 130.7, 129.4, 126.2,

125.4, 125., 119.0, 114.6, 82.1, 53.5, 35.3, 34.8, 31.5, 31.2; HRMS (ESI) m/z 430.2754

(M+H+), calc. for C29H36N102 430.2746.

The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 95/5; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 7.1 min

(major) and 9.0 min (minor).




S$27

[ mau 1-7.128
,2 - 8.900
0 S~ T : T i
720:).0 1.0 20 30 40 5.0 60 7.0 8.0 9.0 10.0  10.5
Entry Retention Time Area Height %Area
1 7.128 36.7559 139.24 50.26
2 8.900 36.3705 118.97 49.74
Y \1-7.141
|2 - 8.964
0+ T L T
Entry Retention Time Area Height %Area
1 7.141 86.6588 250.77 9491
2 8.964 4.6521 13.34 5.09

Me

22

Yellow oil; 28.0 mg, 81% yield; 93% ee; [a], +124.8 (¢

2.0, CHCl3); "H NMR (300 MHz, CDCl;) § 7.59 (s, 1H),

7.51 (d, J=7.7 Hz, 1H), 7.19 (m, 3H), 7.12 (s, 1H), 7.04

(t, J = 7.8 Hz, 4H), 6.64 (t, J = 7.3 Hz, 1H), 6.57 (d, J =

7.8 Hz, 2H), 4.50 (s, 1H), 4.01 (d, J = 12.7 Hz, 1H), 3.40

(d, J=12.8 Hz, 1H), 2.24 (s, 3H), 2.18 (s, 3H); °C NMR (75 MHz, CDCl5) & 201.0, 148.2,

140.1, 138.9, 138.0, 134.4, 133.8, 130.8, 129.4, 129.2, 129.0, 127.8, 127.8, 125.8, 122.2,

119.1, 114.6, 82.3, 53.6, 21.7, 21.5; HRMS (ESI) m/z 346.1810 (M+H"), calc. for C53H,N,0,

318.1494.

The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 95/5; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 7.4 min

(major) and 8.9 min (minor).




$28

3004

2004

1004

1 1-7.335

12-8910

9.25 9.50

Entry Retention Time Area Height %Area
1 7.335 32.5326 131.69 50.03
2 8.910 32.4971 119.48 49.97

Entry Retention Time Area Height %Area
1 7.388 83.5608 350.26 96.40
2 8.935 3.1171 11.64 3.60

Yellow solid; Mp 77.6 — 78.9 °C; 31.3 mg, 83% yield;

88% ee; [a]2 +21.9 (c 1.0, CHCLy); "H NMR (300 MHz,

OMe CDCL) & 7.92 (d, J = 8.9 Hz, 2H), 7.46 (d, J = 8.8 Hz,
2H), 7.16 (t, J = 7.8 Hz, 2H), 6.93 (d, J = 8.8 Hz, 2H),
MeO % 6.77 (m, 3H), 6.69 (d, J = 7.9 Hz, 2H), 4.69 (s, 1H), 4.07
(d, J=12.6 Hz, 1H), 3.80 (s, 3H), 3.79(s, 3H), 3.53 (d, J = 12.6 Hz, 1H); °C NMR (75 MHz,
CDCl;) 6 199.0, 163.4, 159.5, 148.3, 133.1, 132.7, 129.4, 126.9, 126.5, 118.9, 114.5, 114.4,
113.5, 81.5, 55.5, 55.4, 53.6; HRMS (ESI) m/z 378.1700 (M+H"), calc. for Cy;HyN,O,4
378.1705.
The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 80/20; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 10.5 min

(major) and 12.4 min (minor).



S29

3004 e 11-9.504
2-11.125
. . VA N S —
YD T 25 ars 560 o5 7% ars 7000 T W
Entry Retention Time Area Height %Area
1 9.504 90.7926 287.30 50.12
2 11.125 90.3408 254.01 49.88
Entry Retention Time Area Height %Area
1 10.508 125.8121 346.24 94.20
2 12.387 7.7515 19.15 5.80

PhHN

Yellow solid; Mp 52.8 — 53.6 °C; 25.5 mg, 61% yield; 91% ee;
[a]5 +47.3 (¢ 2.0, CHCL;); '"H NMR (300 MHz, CDCl3) &
8.55 (s, 1H), 8.14 (s, 1H), 7.97 (d, J = 8.7 Hz, 1H), 7.93 —

7.81 (m, 3H), 7.80 — 7.66 (m, 4H), 7.57 — 7.40 (m, 4H), 7.18

(t, J = 7.8 Hz, 2H), 6.78 (m, 3H), 4.80 (s, 1H), 431 (d, J =

12.9 Hz, 1H), 3.63 (d, J = 12.8 Hz, 1H); °C NMR (75 MHz, CDCl;) & 200.4, 148.3, 137.8,
135.4, 133.5, 133.2, 133.0, 132.2, 131.6, 123.0, 129.5, 129.1, 128.7, 128.4, 127.9, 127.8,
127.7, 126.6, 126.5, 125.9, 124.3, 122.8, 119.3, 114.68 (s, 6H), 82.7, 54.1; HRMS (ESI) m/z
418.1810 (M+H"), calc. for CooH,4N,0, 418.1807.

The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 95/5; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 10.7 min

(major) and 13.9 min (minor).
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1504

1254

100

754

50

254

\1-10.490

12-13.558

T
20

30 40 50

T
6.0

70 80

90 10.0 110

13.0 140 182

Entry Retention Time Area Height %Area
1 10.490 58.5250 161.89 50.54
2 13.558 57.2725 127.10 49.46
[ \1-10.746
375
|2 - 13.945]
0 ! o
Entry Retention Time Area Height %Area
1 10.746 185.0326 517.80 95.33
2 13.945 9.0613 20.07 4.67

ArHN

Yellow solid; Mp 108.2 — 109.5 °C; 40.6 mg, 89% yield,;

97% ee; [o]n +53.4 (¢ 2.0, CHCL3); 'H NMR (300 MHz,

OMe CDCLy) 8 7.95—7.78 (m, 2H), 7.49 — 7.36 (m, 2H), 7.21 (d,
J=8.7 Hz, 2H), 6.92 (d, J = 8.7 Hz, 2H), 6.78 (d, J = 8.9
MSO" 30: Ar=4-8rPh Hz, 2H), 6.53 (d, J = 8.7 Hz, 2H), 4.64 (s, 1H), 4.15 (s,
1H), 4.01 (d, J = 12.7 Hz, 1H), 3.80 (s, 6H), 3.52 (d, J = 12.6 Hz, 1H); °C NMR (75 MHz,
CDCl;) 6 198.8, 163.4, 159.5, 147.3, 133.1, 132.4, 132.0, 126.7, 126.6, 115.9, 114.5, 113.6,
110.4, 81.4, 55.5, 55.4, 53.2; HRMS (ESI) m/z 458.0805 (M+H"), calc. for Cp3H3N;04Br;
458.0790.
The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 80/20; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 8.3 min

(major) and 9.9 min (minor).
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2504

2004

150

100

Entry Retention Time Area Height %Area
1 8.537 21.9589 70.10 49.83
2 10.291 22.1082 58.82 50.17
Entry Retention Time Area Height %Area
1 8.645 316.8719 987.56 92.56
2 10.445 25.4775 69.85 7.44
Entry Retention Time Area Height %Area
1 8.253 103.8814 357.14 98.48
2 9.941 1.6009 5.82 1.52

PhHNYK(
PR OH

3r

Yellow oil; 18.42 mg, 65% yield; 78% ee; [(1]2])2 -54.3 (¢ 0.1, CHCl);

"H NMR (300 MHz, CDCls) § 7.49 (m, 2H), 7.44 — 7.32 (m, 3H), 7.22

(t, J = 7.9 Hz, 2H), 6.80 (m, 3H), 4.86 (s, 1H), 4.16 (d, J = 12.2 Hz,

1H), 3.56 (d, J = 12.2 Hz, 1H), 3.08 (m, 6.7 Hz, 1H), 0.92 (d, J = 6.8

Hz, 3H), 0.81 (d, J = 6.7 Hz, 3H); *C NMR (75 MHz, CDCl3) & 215.6, 147.3, 129.5, 128.9,

128.6, 125.9, 119.6, 114.8, 82.3, 50.5, 34.4, 20.5, 19.7; HRMS (ESI) m/z 284.1638 (M+H"),

calc. for C;3H,,NO, 284.1645.




S$32

The ee was determined by HPLC analysis: CHIRALPAK IE (4.6 mm id. x 250 mm);
Hexane/2-propanol = 98/2; flow rate 0.5 mL/min; 25 °C; 254 nm; retention time: 18.2 min

(minor) and 26.4 min (major).

346

mAU

\1-17.041

|2 -24.536
Entry Retention Time Area Height %Area
1 17.041 117.7428 181.29 50.92
2 24.536 113.5090 168.34 49.08
200 2 -26.358
1 \1-18.164 )
Entry Retention Time Area Height %Area
1 18.164 18.2070 22.13 10.98
2 26.354 147.5912 171.73 89.02

OMe Yellow oil; 36.3 mg, 91% yield; 91% ee; [U.]ZDZ +110.2 (¢ 2.0,

\Q CHCl3); 'H NMR (300 MHz, CDCl3) & 7.86 (d, J = 8.2 Hz,
©\)>;g 1H), 7.49 (d, J= 7.3 Hz, 1H), 7.40 (t, J = 7.9 Hz, 1H), 7.22 (d,
N J=17.4Hz, 1H), 6.74 — 6.53 (m, 3H), 4.26 (s, 1H), 3.73 (s, 3H),

Boc

5a 3.62 (d, J = 12.7 Hz, 1H), 3.34 (d, J = 12.6 Hz, 1H), 2.15 (s,

3H), 1.64 (s, 9H); °C NMR (75 MHz, CDCl3) § 176.7, 152.8,
148.8, 139.7, 139.2, 130.5, 127.5, 126.1, 125.6, 124.2, 116.92, 11542, 112.9, 111.5, 84.9,
74.3, 55.7, 52.0, 28.1, 17.8; HRMS (ESI) m/z 399.1926 (M+H"), calc. for CyHN,Os
399.1920.
The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 90/10; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 21.0 min

(major) and 30.9 min (minor).
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mAU

\1-21683

\2-31.566

T
min

125

150

175

325 35.0 38.9

Entry Retention Time Area Height %Area

1 21.683 64.0677 73.70 49.94

2 31.566 64.2272 52.96 50.06

o N W 2505
Entry Retention Time Area Height %Area

1 21.008 117.7823 144.94 95.53

2 30.933 5.5157 5.10 4.47

&

Ox=

N
\
B

oc
5b

OMe Yellow oil; 34.6 mg, 80% yield; 85% ee; [a]n —19.5 (c 1.0,

Me
cl 1o \Q CHCl;); '"H NMR (300 MHz, CDCl;) & 7.81 (d, J = 8.1 Hz,

1H), 7.32 (t, J = 8.2 Hz, 1H), 7.18 (d, J = 8.1 Hz, 1H), 6.74 —

6.63 (m, 3H), 4.13 (m, 2H), 3.83 (s, 1H), 3.73 (s, 3H), 3.52 (d,

J =129 Hz, 1H), 2.11 (s, 3H), 1.62 (s, 9H); *C NMR (75

MHz, CDCl5) § 175.7, 153.0, 148.6, 141.9, 139.1, 131.7, 131.5,

126.3, 126.1, 124.0, 116.9, 114.0, 113.5, 111.7, 85.4, 75.5, 55.7, 49.3, 28.1, 17.8; HRMS (ESI)

m/z 433.1546 (M+H+), calc. for C22H26N205C11 433.1530.

The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 90/10; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 18.9 min

(minor) and 21.0 min (major).




S34

80

604

404

204

11-18.728

12-20.999

T
4.0

T T
6.0 8.0

T T
10.0 12.0

Entry Retention Time Area Height %Area

1 18.728 36.3839 46.09 50.90

2 20.999 35.0914 39.78 49.10

Entry Retention Time Area Height %Area

1 18.933 4.1145 5.36 7.46

2 20.966 51.0292 60.49 92.54
OMe Yellow oil; 36.8 mg, 77% yield; 85% ee; [a]; —31.8 (¢ 2.0,

Me
Br yo \Q CHCl3); 'H NMR (300 MHz, CDCl3) § 7.85 (d, J = 8.1 Hz,
SN

b 1H), 7.35 (d, J = 8.1 Hz, 1H), 7.25 — 7.19 (m, 1H), 6.74 — 6.61
(m, 3H), 4.14 (d, J = 12.7 Hz, 1H), 4.08 (s, 1H), 3.77 (s, 1H),

\

Boc

5¢ 3.72 (s, 3H), 3.52 (d, J = 12.9 Hz, 1H), 2.10 (s, 3H), 1.60 (s,
9H); °C NMR (75 MHz, CDCl;) § 175.7, 153.0, 148.5, 142.0,
139.0, 131.7, 129.5, 126.1, 125.5, 119.4, 116.9, 114.5, 113.6, 111.7, 85.4, 75.9, 55.7, 49.2,
28.1, 17.8; HRMS (ESI) m/z 477.1033 (M+H"), calc. for C5,H,6N,0sBr; 477.1025.

The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 90/10; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 20.0 min

(minor) and 22.5 min (major).



S35

- M~  ~——~ @O

1 1-19.912

12-22.599

Entry Retention Time Area Height %Area
1 19.912 14.6965 12.67 49.56
2 22.599 14.9578 11.47 50.44

Entry Retention Time Area Height %Area
1 20.033 6.5428 5.48 7.53
2 22.520 80.3687 60.46 92.47

22

OMe Yellow oil; 36.6 mg, 88% yield; 92% ee; [a], +122.6 (c

1.0, CHCL;); 'H NMR (300 MHz, CDCL;) & 7.86 (m, 1H),

~ TN
F\©\)>:H 7.22 (m, 1H), 7.09 (m, 1H), 6.74 — 6.56 (m, 3H), 3.74 (s,
0]
N 3H), 3.57 (d, J = 12.8 Hz, 1H), 3.35 (d, J = 12.7 Hz, 1H),

2.18 (s, 3H), 1.63 (s, 9H); *C NMR (75 MHz, CDCl;) &

176.7, 152.8, 148.8, 139.7, 139.2, 130.5, 127.5, 126.1,

125.2, 124.7, 116.9, 115.4, 112.9, 111.5, 84.9, 74.3, 55.7, 52.0, 28.1, 17.8; HRMS (ESI) m/z

417.1840 (M+H"), calc. for C,,H,6N,OsF| 417.1826.

The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 90/10; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 15.6 min

(major) and 25.3 min (minor).
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10.04

0.04

-5.04

11-15.616

2-25.195

T
min

00 20

60 80 100

Entry Retention Time Area Height %Area
1 15.616 39.5710 42.84 50.55
2 25.195 38.7168 27.29 49.45

Entry Retention Time Area Height %Area
1 15.566 88.2816 96.75 95.98
2 25.295 3.6957 2.69 4.02

22

OMe Yellow oil; 38.1 mg, 88% yield; 90% ee; [a]p, +20.3 (¢

1.0, CHCl;); 'H NMR (300 MHz, CDCls) & 7.82 (d, J =
8.7 Hz, 1H), 7.46 (d, J= 2.0 Hz, 1H), 7.37 (m, 1H), 6.77 —
\ 6.58 (m, 3H), 4.21 (s, 1H), 3.96 (s, 1H), 3.74 (s, 3H), 3.58
(d, J=13.0 Hz, 1H), 3.34 (d, J = 12.8 Hz, 1H), 2.19 (s,
3H), 1.63 (s, 9H); *C NMR (75 MHz, CDCl;) & 176.0,
153.2, 148.7, 139.1, 138.3, 130.8, 130.6, 129.3, 126.4, 124.6, 117.1, 116.9, 113.7, 111.7, 85.4,
74.2,55.8,52.2,28.2,17.9.

The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 90/10; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 14.5 min
(major) and 36.7 min (minor) ; HRMS (ESI) m/z 433.1543 (M+H"), calc. for C,,Hy6N,05Cl,

433.1530.



S37

\1-14.474

2-36.266

Entry Retention Time Area Height %Area
1 14.474 51.2996 83.88 51.00
2 36.266 49.2937 35.56 49.00
Entry Retention Time Area Height %Area
1 14.528 122.5667 199.26 95.14
2 36.708 6.2564 4.39 4.86
OMe Yellow solid; Mp 46.0 — 47.5 °C; 42.0 mg, 88% yield;
Me
HO 94% ee; [a]p —9.7 (¢ 1.0, CHCLy); '"H NMR (300 MHz,
SN
Me H CDCly) 6 7.76 (d, J = 8.7 Hz, 1H), 7.60 (d, J = 1.7 Hz,
)
N 1H), 7.52 (m, 1H), 6.73 — 6.59 (m, 3H), 3.74 (s, 3H), 3.58
Boc
5t (d, J=12.8 Hz, 1H), 3.34 (d, J = 12.8 Hz, 1H), 2.19 (s,

3H), 1.62 (s, 9H); °C NMR (75 MHz, CDCl;) & 175.9,

153.2, 148.7,139.0, 138.8, 133.5, 129.6, 127.5, 126 .4, 118.2, 117.2, 117.1, 113.2, 111.6, 85 .4,

74.1, 55.8, 52.1, 28.1, 17.9; HRMS (ESI) m/z 477.1031 (M+H"), calc. for C5,H,N,OsBr,

477.1025.

The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 90/10; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 14.8 min

(major) and 45.9 min (minor).
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1504
1254
1004
\1-14.812
754

504

254

|2-45.433

iy

Entry Retention Time Area Height %Area
1 14.812 50.6193 78.92 49.83
2 45.433 50.9635 28.35 50.17
Entry Retention Time Area Height %Area
1 14.849 140.4197 222.58 97.07
2 45.887 4.2318 2.64 2.93
OMe Yellow solid; Mp 49.6 — 50.8 °C; 37.5 mg, 91% yield;

1
@]

Iz

H
N~
Me
0]
N

\

Boc

59

90% ee; [a]2 +51.3 (c 2.0, CHCl3); "H NMR (300 MHz,

CDCly) § 7.73 (d, J = 8.3 Hz, 1H), 7.29 (s, 1H), 7.20 (d, J

= 8.3 Hz, 1H), 6.73 — 6.59 (m, 3H), 4.19 (s, 1H), 4.00 (s,

1H), 3.74 (s, 3H), 3.62 (d, J = 10.9 Hz, 1H), 3.31 (d, J =

12.6 Hz, 1H), 2.37 (s, 3H), 2.17 (s, 3H), 1.63 (s, 9H); °C

NMR (75 MHz, CDCl;) 6 176.9, 153.0, 148.9, 139.4, 137.4, 135.0, 131.0, 127.4, 126.2, 124.7,

117.0, 115.3, 113.0, 111.6, 84.8, 74.2, 55.8, 52.1, 28.2, 21.1, 17.9; HRMS (ESI) m/z

413.2074 (M+H"), calc. for Co3Hy9N,O5 413.2076.

The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 90/10; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 26.1 min

(major) and 39.9 min (minor).
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132

1204

1004

80

60

40]

204

\1-27.145

12-40.741

10,0 150

20,0

250

450 50.0

Entry Retention Time Area Height %Area
1 27.145 67.3818 60.31 49.72
2 40.741 68.1531 42.04 50.28

Entry Retention Time Area Height %Area
1 26.128 96.9323 79.82 94.90
2 39.903 5.2086 3.33 5.10

N

OMe Yellow oil; 38.6 mg, 90% yield; 85% ee; [o]n +59.4 (¢

Ox=

Me
\Q 2.0, CHCly); "H NMR (300 MHz, CDCl3) 6 7.77 (d, J =
8.9 Hz, 1H), 7.04 (d, J = 2.5 Hz, 1H), 6.91 (dd, J = 8.9,

2.6 Hz, 1H), 6.71 — 6.57 (m, 3H), 4.21 (s, 1H), 3.96 (s,
1H), 3.81 (s, 3H), 3.73 (s, 3H), 3.59 (d, J= 12.7 Hz, 1H),

3.33 (d, J = 12.6 Hz, 1H), 2.16 (s, 3H), 1.62 (s, 9H); "°C

NMR (75 MHz, CDCls) 6 176.7, 157.4, 152.9, 148.9, 139.3, 132.9, 128.7, 126.1, 117.0, 116.6,

115.7, 112.9, 111.6, 109.9, 84.8, 74.6, 55.8, 55.7, 52.2, 28.2, 17.8; HRMS (ESI) m/z

429.2028 (M+H"), calc. for Co3Hy9N,O4 429.2026.

The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 90/10; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 15.3 min

(major) and 29.1 min (minor).




S40

Entry Retention Time Area Height %Area
1 15.570 13.5298 18.84 49.96
2 29.208 13.5524 10.97 50.04
Entry Retention Time Area Height %Area
1 15.349 155.8772 225.67 92.44
2 29.095 12.7394 10.81 7.56
OMe Yellow oil; 30.8 mg, 74% yield; 93% ee; [a]n +164.6 (c
Me
HO 1.0, CHCl;); 'H NMR (300 MHz, CDCl3) § 7.65 (dd, J =
TN
mg 10.2, 2.3 Hz, 1H), 7.44 (dd, J = 8.3, 5.6 Hz, 1H), 6.92 (m,
F N 1H), 6.70 — 6.57 (m, 3H), 3.74 (s, 3H), 3.58 (d, J = 12.8 Hz,
Boc
5i 1H), 3.34 (d, J = 12.8 Hz, 1H), 2.17 (s, 3H), 1.63 (s, 9H);

BC NMR (75 MHz, CDCl;) & 176.5, 165.7, 162.5, 153.3,
148.8, 141.4, 141.2, 139.3, 126.4, 125.7, 125.6, 123.3,123.2, 117.2, 113.3, 112.2, 111.9, 111.8,
104.8, 104.4, 85.6, 74.2, 55.9, 52.4, 28.3, 18.0; HRMS (ESI) m/z 417.1832 (M+H"), calc. for
CH6N,OsF 417.1826.
The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 95/5; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 29.1 min

(major) and 54.1 min (minor).




S41

120
100
80
60
40

| 1-29.480

204

12 -55.583

Entry Retention Time Area Height %Area
1 29.480 42.6606 31.50 50.76
2 55.583 41.3819 19.29 49.24
Entry Retention Time Area Height %Area
1 29.118 180.5570 148.50 96.45
2 54.081 6.6459 3.21 3.55
OMe Yellow oil; 32.9 mg, 76% yield; 93% ee; [a]n +12.2 (¢

1.0, CHCl;); 'H NMR (300 MHz, CDCls) & 7.94 (d, J =

1.7 Hz, 1H), 7.41 (d, J = 8.0 Hz, 1H), 7.21 (dd, J = 8.0,

\ 1.7 Hz, 1H), 6.70 — 6.57 (m, 3H), 3.73 (s, 3H), 3.57 (d, J

5; = 12.8 Hz, 1H), 3.34 (d, J = 12.8 Hz, 1H), 2.17 (s, 3H),

1.63 (s, 9H); °C NMR (75 MHz, CDCl;) § 176.2, 153.1.

148.7, 140.7, 139.1, 136.4, 126.3, 126.0, 125.3, 125.2, 117.0, 116.3, 113.2, 111.7, 85.5, 74.1,

55.8, 52.2, 28.1, 17.9; HRMS (ESI) m/z 433.1517 (M+H"), calc. for CpnHasN,OsCl,
433.1530.

The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 90/10; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 13.7 min

(major) and 23.4 min (minor).



S42

\1-13.812

12 -23.383

Entry Retention Time Area Height %Area
1 13.812 27.4522 32.26 50.67
2 23.383 26.7208 19.62 49.33

Entry Retention Time Area Height %Area
1 13.716 119.4245 143.33 96.48
2 23.370 4.3589 3.62 3.52

SN
H
(0]
Br N

\

5k

22

OMe Yellow oil; 37.2 mg, 78% yield; 90% ee; [a], +124.4 (c

1
HO

1.0, CHCL;); '"H NMR (300 MHz, CDCls) § 8.09 (d, J =

0.8 Hz, 1H), 7.40 — 7.32 (m, 2H), 6.70 — 6.56 (m, 3H),

3.73 (s, 3H), 3.56 (d, J = 12.8 Hz, 1H), 3.33 (d, J = 12.8

Hz, 1H), 2.17 (s, 3H), 1.63 (s, 9H); *C NMR (75 MHz,

CDCly) & 176.1, 153.1, 148.6, 140.8, 139.1, 128.2,

126.5,126.3, 125.5, 124.3, 119.1, 117.0, 113.2, 111.6, 85.6, 74.2, 55.8, 52.1, 28.1, 17.9;

HRMS (ESI) m/z 477.1027 (M+H+), calc. for C22H26N205BI'1 477.1025.

The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 95/5; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 31.4 min

(major) and 55.4 min (minor).
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mAU
1504

1254

100

754

50

\1-30.983

Entry Retention Time Area Height %Area
1 30.983 120.8333 87.18 50.80
2 55.151 117.0261 51.20 49.20

Entry Retention Time Area Height %Area
1 31.394 87.8359 61.45 94.95
2 55.366 4.6720 2.25 5.05

Ox

Cl Boc

OMe Yellow solid; Mp 68.1 — 69.7 °C; 31.6 mg, 73% yield; 94% ee;

[0]2 ~173.6 (c 2.0, CHCL); '"H NMR (300 MHz, CDCls) &

7.46 — 7.31 (m, 2H), 7.16 (t, J = 7.8 Hz, 1H), 6.72 — 6.57 (m,

3H), 3.74 (s, 3H), 3.58 (d, J = 12.7 Hz, 1H), 3.36 (d, J = 12.8

Hz, 1H), 2.19 (s, 3H), 1.62 (s, 9H); >C NMR (75 MHz, CDCl;)

0 176.6, 153.2, 147.6, 139.2, 137.0, 132.2, 131.0, 126.4, 125.9,

122.8, 119.3, 117.1, 113.1, 111.7, 86.1, 75.2, 55.8, 52.1, 27.8, 17.9; HRMS (ESI) m/z

433.1518 (M+H"), calc. for CoHN,05Cl; 433.1530.

The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 90/10; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 19.0 min

(major) and 32.3 min (minor).




S44

17

1004

804

\1-18.998

60

40

204

12-32.328

T T
26.0 280

T
34.0

T
36.0 38.2

Entry Retention Time Area Height %Area
1 18.998 51.9690 62.20 50.68
2 32.328 50.5766 40.73 49.32

Entry Retention Time Area Height %Area
1 18.966 37.9154 49.55 97.03
2 32.333 1.1588 0.97 2.97

O

e

3 P
PR “oH

7

White solid; Mp 164.1 — 165.7 °C; 76.0 mg, 65% yield; 92% ee; [a]5

h +54.2 (¢ 0.5, CHCL;); "H NMR (300 MHz, DMSO) & 7.89 (d, J = 7.5

Hz, 2H), 7.49 (t, J = 7.5 Hz, 1H), 7.37 — 7.24 (m, 6H), 7.14 (s, 1H),

7.05 (s, 1H), 6.68 (d, J = 4.1 Hz, 2H), 4.57 (q, J = 14.3 Hz, 2H); °C

NMR (75 MHz, DMSO) ¢ 199.3, 139.2, 138.2, 134.3, 132.9, 130.2, 128.5, 128.1, 127.8,

127.0, 124.8, 120.8, 81.5, 54.9; HRMS (ESI) m/z 293.1283 (M+H"), calc. for CjzH7N,0,

293.1285.

The ee was determined by HPLC analysis: CHIRALPAK OZ-H (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 80/20; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 8.2 min

(major) and 11.7 min (minor).
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150] 12-11.541
Entry Retention Time Area Height %Area
1 8.162 97.3371 215.84 49.91
2 11.541 97.6848 148.08 50.09
Entry Retention Time Area Height %Area
1 8.183 129.8393 262.04 96.14
2 11.712 5.2069 6.70 3.86
OMe  yellow oil; 195.4 mg, 98% yield; 91% ee; [a]n +125.0 (¢ 0.5,
Me
BocO \Q CHCl;); "H NMR (300 MHz, CDCl5) § 7.90 (d, J = 8.2 Hz, 1H),
SN
6| 7.39 (t,J=7.4 Hz, 2H), 7.18 (t, J= 7.5 Hz, 1H), 6.65 — 6.54 (m,
N 2H), 6.43 (d, J=8.5 Hz, 1H), 3.77 (d, J=13.0 Hz, 1H), 3.69 (s,
Boc

3H), 3.60 (d, J = 13.0 Hz, 1H), 3.37 (s, 1H), 1.99 (s, 3H), 1.61
(s, 9H), 1.36 (s, 9H); >C NMR (75 MHz, CDCl;) & 172.0,
152.3, 150.7, 148.8, 140.3, 139.2, 130.5, 125.6, 124.8, 123.0, 116.7, 115.5, 112.4, 111.5, 84.6,
84.3, 79.8, 55.7, 51.1, 28.1, 27.6, 17.6; HRMS (ESI) m/z 499.2449 (M+H"), calc. for
C»7H35N,07 499.2444,
The ee was determined by HPLC analysis: CHIRALPAK OZ-H (4.6 mm i.d. x 250 mm);
Hexane/2-propanol = 80/20; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 19.0 min

(major) and 23.4 min (minor).
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821

750

625

500

3754

250

1254

-19.130

|2-23.485

313

60 80 100

120 140 160

Entry Retention Time Area Height %Area
1 19.130 430.6204 368.03 49.86
2 23.485 433.0109 298.34 50.14
o L ‘ 12-23395
Entry Retention Time Area Height %Area
1 19.033 224.8855 199.81 95.35
2 23.395 10.9649 9.10 4.65
BocO S~NHT White solid; Mp 87.4 — 88.5 °C; 153.4 mg, 72% yield; 91% ee; [o]5
©\)>:o —24.6 (¢ 2.0, CHCl3); "H NMR (300 MHz, CDCl3) § 7.83 (d, J = 8.1 Hz,
N
Boc 1H), 7.63 (d, J = 8.1 Hz, 2H), 7.38 (t, J = 8.3 Hz, 2H), 7.25 (d, /= 7.6
9

Hz, 2H), 7.15 (t, J = 7.5 Hz, 1H), 5.09 (s, 1H), 3.52 — 3.26 (m, 2H),

2.39 (s, 3H), 1.62 (s, 9H), 1.29 (s, 9H); °C NMR (75 MHz, CDCL;) & 170.1, 149.2, 147.6,

142.7, 138.9, 135.6, 129.8, 128.9, 126.1, 124.0, 123.3, 122.7, 114.5, 84.1, 83.6, 77.3, 47.5,

27.1, 26.5, 20.6; HRMS (ESI) m/z 533.1961 (M+H"), calc. for CsH33N,05S; 533.1958.

The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 80/20; flow rate 1.0 mL/min; 25 °C; 210 nm; retention time: 38.4 min

(major) and 43.8 min (minor).
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5515

500

4504

4004

\1-38.899

Entry Retention Time Area Height %Area
1 38.899 164.1968 92.82 50.04
2 44.820 163.9251 77.89 49.96
Entry Retention Time Area Height %Area
1 38.431 17.1494 11.40 4.67
2 43.804 349.8591 173.60 95.33
0o Yellow oil; 11.6 mg, 35% yield; 15% ee; [a]5 +8.1 (¢ 0.5, CHCLy);
Me
\N/\__%Lph 'H NMR (300 MHz, CDCl3) & 7.90 (d, J = 7.7 Hz, 2H), 7.57 (d, J =
/ N
Ph Ph" OH 7.5 Hz, 2H), 7.47 — 7.29 (m, 4H), 7.25 — 7.11 (m, 4H), 6.80 (m, 3H),
11

444 (d, J = 14.6 Hz, 1H), 430 (s, 1H), 3.53 (d, J = 14.6 Hz, 1H),

2.67 (s, 3H); C NMR (75 MHz, CDCl3) 3 201.1, 141.7, 135.37, 135.07, 132.8, 130.7, 130.1,

129.3,129.1, 128.1, 128.0, 124.8, 115.1, 82.1, 64.0. 34.0; HRMS (ESI) m/z 332.1642 (M+H"),

calc. for C22H22N202 332.1645.

The ee was determined by HPLC analysis: CHIRALPAK IC (4.6 mm i.d. x 250 mm);

Hexane/2-propanol = 97/3; flow rate 1.0 mL/min; 25 °C; 254 nm; retention time: 5.3 min

(minor) and 6.5 min (major).
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5.356
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6.593
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4074

3504

3004

2504

2004

150

100

50

\1-5.376

12-6513

T T
468 480 5.00

T T
7.60 7.80

Entry

Retention Time

Area

%Area

5.376

21.7741

42.51

6.513

29.4453

57.49
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8. Copies of NMR spectra

©

7.8006
7.7759

L3

6.6962

o
=
°
©

o
2
<
N
©

2

~
a
>
~
I

—7.0382
6.6037
6.5776

—4.5361

_~4.0692

™-4.0264

_~3.4365

™-3.3936

i

OH

0.94]
1.061
1.00-L

T
10.0

=3
-
o
-
o
o
o
o
o

200.6837
— 148.2862
— 140.1870
— 1252023
— 119.2012
— 114.6248

82.3579

53.7403

PhHN

T T T T T T T T
210 110 100 90 80 70 60 50 40 30 20 10

1 (ppm)

T T T T T T T T T
200 190 180 170 160 150 140 130 120

[~ 16000

15000

[~ 14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

ro

—1000

4500

4000

3000

2500

2000

1500

1000

500

=500



S50

®t = ooam s o o o0 =
¥3Is 2228548 @ 23 g3
233 2R =% 2 2R 83
223 4552 5% g 83 &
R R s
NN I NV I Y4 N F9000
O 8000
ArHN R Ph
Ph OH 7000
3b: Ar = 4-CIPh
6000
5000
k4000
F3000
F2000
F 1000
Fo
A s G LA T
z =28 8 I S a 3
Z 3 =z 2 = =
T T T T T T T T T T T T T T T T T T T T T
0.0 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 L5 10 05 0.0
1 (ppm)
o " o
g s 8 o <
% g 2 @ 5]
H .~ 9 g
g $ 2 o o 5500
S = = o b
[
F5000
O 4500
ArHN R Ph
N 4000
Ph OH
3b: Ar = 4-CIPh 3500
F3000
k2500
2000
F 1500
F 1000
I | I [ 500
‘ l Fo
F-500
T T T T T T T T T T T T T T T T T T T T T T
200 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

1 (ppm)



S51

o —mwa oo v awn 0 16000
IE2 D¥%S £% Iz ge SR
gEE 3228 34 c 2% 25
Rxw Feaada nn no =S w3
Fed EeRe 8o EL o L 15000
NN eV I Y4 Y4 15
F 14000
F 13000
(0]
F 12000
ArHN 3 Ph F 11000
N
Ph' OH
F 10000
3c: Ar = 4-BrPh
9000
8000
7000
6000
5000
4000
3000
M 2000
1000
) Fo
PN L
L 88 5
= 23 = F-1000
T T T T T T T T T T T T T T
9.5 9.0 85 80 7.5 7.0 65 60 55 3.0 25 2.0 005 0.0
o ¢ o= ©vtxo % ©
g 8 87 238§ 3 8 o0 = N
3 S FE Sxg8F 9 4 3 S 6000
2 S K5 K82 T ¢ N 2
S [ ol RNLHH S S N bt}
S S ad aA¥ys = < o o
S T oo dadd = = g s
I [ ~\&= 1 | F 5500
5000
(0]
4500
ArHN R Ph
Ph OH F 4000
3c: Ar = 4-BrPh 3500
3000
2500
2000
‘m | |
1500
1000
| ‘ | k500
‘ A "
| Fo
F-500
T T T T T T T T T T T T T T T T T T T T T |
20 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 10 30 20 10 0
1

(ppm)



S52

8 o o o o o o o < o o o o o o o o < o
g g g g g g g g g g g g g g g g S = = S
8 g 8 S 8 8 8 8 g 8 2 8 2 8 2 g 2 8 g 2
= E 2 S 2 2 2 2 S 2 < 2 S 2 2 ] S = = 2 < i
| 7 h | I | h | | | N - | ! | | | | | | | |
3 s
=
Fo
-
I
J <
< Mo
L2 9€86'TS — ~
-
LOSY'E~_ =
seLye~" s
$€86°€~_ - 0012728 — -
S9T0'y — r<
81800/
orsty — L=
2
-
M
[P —
=
8TTH'9 [ PrS88IT — -
W9
00St'9 - vorT STI —
SSSH'9 o 61LS8TT —
SHES9 00z€0€1 <~ _
60759 - seLeel 7 =
wmmww/ < Fs Pr6L6E1 — = -
o o
= =
8LT6'9 — T =8 ° epT I o _
° S5 O 2 818€°611 o S ©
6591°L — 7 s 7 s
. 1] 7. 1
16shL — z z F a Z
Y6TLL— = . > .
ovscL/ T 3 - T 3
=1 LS =
< <
e
ro
B
ro
- 61S"00T — -

20

30

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50

200

1 (ppm)



S53

7.8011
L7163
1318
/772288
= 7.1584
— 6.8700
65407
65130

45978
_4.0522
- 4.0098

(0]

ArHN Ph

PR OH

3e: Ar = 4-MePh

1.921
2,00
3.06
3.261
1.951
1961

_~3.3734
™-3.3309

2.1389

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

N 0.97{
1.01-I

o
=Y

T
6.0 5.5 5.0

-
o
-
=Y
=
o

200.5657
— 145.7033
— 140.1348

129.8048

128.5915

128.2529

128.1213

125.0251
— 114.8538

82.1133

/
\

3e: Ar = 4-MePh

54.2596

20.4462

3200

3000

I~ 2800

[~ 2600

I~ 2400

2200

2000

1800

1600

- 1400

1200

1000

800

600

400

200

ro

=200

T T T T T T T
10 200 190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)



S54

7.8991
7.8744
7.4478
7.3451

A
/
2.

Z 72601
7.0631
7.0354
6.6178

L5031

"\ 6.5226

AN

@)

ArHN Ph
PR OH

1,

3f: Ar = 3-MePh

—4.6306

_~4.1586
41159

1.071

_~3.5327
™-3.4900

2.2597

= 13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

-1000

10.0

200.6099

— 148.1865
140.1612
139.2770
129.2739
128.3777

— 125.1450

/
/

ArHN Ph
Ph OH

m,,

3f: Ar = 3-MePh

|

— 120.1339

T
5.5 5.0 4.6

1 (ppm)

82.2326

53.7453

21.6666

3000

I~ 2800

2600

2400

2200

2000

1800

1600

- 1400

1200

1000

800

600

400

200

ro

=200

110

T
200

T
190

T
180

T T T T
170 160 150 140 130

T
120

T
110 100
1 (ppm)

T
90

80

70

T
60

5

0

40

T
30



S55

o o ° ° o o o ° o o o s g g 2 2 e 9 9 2 = = o s °
2 S 2 S 2 8 2 g 3 g g B S 2 g 2 S 2 S 2 g 2 g 2 S g 2
2 8 2 E 8 H ] H E = 2 i e B8 g B& B8 2 =g B8 g8 & 58 & = g8 o :
i i i i i | j ) ! i i | ! i ;i i i i i | i ) ) ! i i |
-
S
®
=
-
=) 3
o
o
®
o 679T°SS ~_ L
1628°sS <~
o ;
o
PSSEE~L - 01
[ - Fs °
6LEL'E — et
o 016078 — -
0L60'% ~ ) <
06517~ Foot
®
L06L'y — To.c -
o5
sE
® _
- -
1690°1
° 6802'8T1 [
< sLzesTl _
\ —_—
10599 = TH650€ 1 —
96159~ - Tw.m £06T0VT — = —
81%L'9 o = 9090°THl o = -
1L o o o
€1LL9 r % > r %
209TL ®) o = = o =
SE0EL~: Q Tm.o Y6THES1 — Q -
seseL e < - e % —
E#.FN T I Teo1 [ = o N
= =
#608L - z < Tes1 | = z <
0506'L I =] % T (=]
=z © z L
®
oo
E
-
-3
®
< 8€€9°007 — —

10

30

40

190 180 170 160 150 140 130 120 110 100 90 80 70 60

200

1 (ppm)



S56

s o o2 o o o o o o o o o o o o o o o ] 8 8 S o o < o o o o o o S
g 2 g g8 g8 8 8 g8 g &g g8 &g g8 g g g g g
E 2 ¢ B =B 5 8 EE S 5 3§ 5 & 5§ o F = & = & g g & § g & g 5 & o 7%
T S S U U G MU LU MU M | - ) ) ) i i i ) i | | i ) i i |
s
®
=]
-
w
-
=i
w
[ o 12974S — —
- 3
1LLEE
sozve Fool |
o
- L1708 — -
vr60°y Lo
wnm_.qv Hirl
.
LSy — Poso [ =
2
e
Fae
2 W — |
0L0L'9 - 7 _
LEEL'D 7
6LLL'O LS -
o <
Mwwmo corsozt /- —
9 567621 \
70969 © 11Ty o€ 3
£686'9 o [ <
Nwww ol L819°€€1
ozorc b = ooz L2 gbl — T
~t o o < = T80kl 5 = -
@ a4 g
eosre ", L0 %
. w
1505°L -7 FloT [ 9250191 ~_
OpES'L £9L8°€91 __
£656'L = > ==
SLLeL z w - STEEPIL W w 3
omwﬂw K 66T b 997191 /" =
2L00°8 o o
w
[ o
-
s 1€€9'861 — _

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

10

1 (ppm)



S57

o o o o o ° o o o o o ° o o
8 g 2 8 g 2 8 8 g 2 8 2 g g 8 °
& & 2 2 2 S B & =1 3 B & & 2 = 2 s
7 i i i i i | ) i | | ) ) ! i i
-
S
s
P
o
o
®
~ 9LITHS — -
o
€L9TE~_ )
601€°€ oot
18007 ~_ roor kS SS11T8 — _
91507~
Letyy— Feso L2
o
5
P
i £8SLIT — -
v
L9€961T — -
- 6£€€°9T1
5 2 $829'821 5 -
S
© SQ;N_W © —
95799 LEIS6TI S —
EE/ it -
wmon.o/ 61 €0V 8€T — e —
817195 201 vsieel 7
G 61 o osseLrl
6£80°L — T — 7°0. = - T — -
Nom:\ ] ™ E o )
. 161
e6l h\ a8 ooz = B
H88E'L < .
Tl - _ e[ - _
T O o T (@]
< <
o o
w
oo
o
s
i 18861 — ]
-
=

10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30

200

1 (ppm)



S58

/

PhHN

Br

7.8169
7.7881

—7.3999
—7.1635

/,,

6.8330

OH

3

L

6.7841

b

6.7306
6.7045

Br

—4.5338

_~4.1278
™-4.0841

_~3.3863
™-3.3426

[~ 8500

8000

7500

7000

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

ro

=500

199.0520

PhHN

/.,

148.0660

OH

3

— 1390182
N 131.7414
— 1267380
— 1197765

Br

L

82.2707

o

54.2790

4500

4000

3500

3000

2500

2000

1500

1000

=500

T T T T
210 200 190 180 170

T
160

T
150

T T T
140 130 120

T T
110 100
1 (ppm)

T
90



S59

g2 28 8 8 8 8 <2 2 2 2 2 =2 = = = g s 2 2 2 2 2 o 2 2 2 = o = s o
2 s 8 5§ = 8 & g g8 g g g 88 g =8 S S & 8 8 8 £ § g8 8 8 = §8 8 g8 & 8 8 S S
= T Z 3 = =2 88 8 B 8 8B & 8 & =2 o 7 S 8 8 & § 3§ 8 5§ 2 =2 I = = 8 3 § =8 YT
! | | | i i ) i | | | | | i | - | | | | | ) ) | | | | | i i | | | |

e
w
S
L= 89PTIT~,
- seeLic s
=
o
[ od
€6EET~ _ L 10°
SILET : w
e o L3 9195°€§ —
-
el
205"~ R A
sTLsEs Foot | [——
- 896'18 —
9OI'Y ~_ I
6Or1'y Fer
=
6LLYY — Feso _
2
-5
Fae
o 01ESPIT —
[
1€10'611 —
) )
s = Iszrsel — s
< POV6'8T1 —

79699

vzeLo -

885L°9 Fo 6TTrLEl —

TE8L'9 61

SLO8'9 — . 101 8S98°€pl — T
. o o) & Fe  osstsil— O o &

7901°L — Tero

6181°L 2 2

98EY'L — 4 el | !

ssors/ =

€618°L — =z ) 161 z )
e T o I

898'L = = Fo = =

o o
o
[ o
-
[ o
Fa £90T007 —

30 20 10

40

130 120 110 100 90 80 70 60
1 (ppm)

140

190 180 170 160

200




S60

s s s g £ o s s g g = = s s < > < s < s < s
g 8 8 8 8 8 8 8 B 8 § 8 &8 £ g E E g g g g E g g
2 S 8 2 8 2 < S ] = S S = = 3 i 2 3 2 ] K = = 3 )
! ) i i | i | ) | | ) ) ) i i [ | i ) ) ) i i i
s
-
S
-
) - €TSLET
== Fsott 088L'EC
s 8611'7C
1996'€€ ~_ _
L917vE
-
o
o
S9€8°T o e _
N%ﬁ/ 06T5°€S
11087 ¢ Fot o
?%.N\ =
8176
0€TS'E ~_ . 2
£595°€ Foot e
B .
-
L8LOT ~_ R
e 501
-
65p9'y — Fseo |~
o
58
w
[r=)
_—_—
= - =
Q S usTsil— Qo =
) 0897°LT1
92£9'9 - €L66'061 — —
%@.o/ b
SPOL'9 L 661 $869'LET — -
68TL'9-F 101
£65L°9 s .
A T — N S [3ataa T —
sTorL— o 3 ® y oo SLE0GH1 o () ™ =
T
£Stb'L— ", Teoz |2 91951 — ",y ——
v’ =
8EI8L— F o661
v z < b4
sIrsL I a % I a
< - e -
o o
-
3]
-
o
w
< 8€6£°007 — -

30 20

40

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60

210

1 (ppm)



S61

s o o o o = o o o o
2 8 8 8 8 8 8 8 88 s g o s 2 o o o o g < o o o s s < s o
S 8 8 8 8 8 8 & g8 g8 &8 g8 g8 g8 g g8 g g S g g g g g g g g o ]
2 8 8 B 8 8 § = 8 g8 g g8 g8 8 g8 8 8 8 2 2 8 2 g 2 g 2 8 g 2
zZ = £ =2 = 2 2 = =2 8 8 R 2 B8 2 28 5 = T ] S 3 2 S S = 2 2 < i
| | | | | | | | | 7 | h I | | | | | | - ! | | | | | | | | |
s
I
s
LS
TIST I~ _ 2906
8sTEL " 206 | w
LS SS0TT1E
~ IEITAN
L66L'YE —F e —
L= tooe'se /-
o
o
[ 9LYES — —
TESSE~ o001 [ =
PL6S'E
<
11017~ RS
€eply " e .
719078 — -
=
12997 — Foot ,
o
22
I
[
> > -
@ Lo foe]
> Lyr0'STl — - E—
HH6T1 ~ H
859 b T
01899 -\ 10T LI9TLET — E—
175L°9 -7 20°1
S9LL'9 LS E
. T IS . = - T S 3
8STI'L— 120 LESERYT ~ o _
181 O @ . 1S9€°1S1 — O ® -—3
A / : > /
vours ) 2 mmw Fio o cusosi— 0, _
11E8'L~ .
. 10T
S6S8°L~" = 5 H LS 4 S
T m © T ]
c e e A
o o
o
[
B
=
- 0TSH'007 — -—

10.0

30 20 10

40

190 180 170 160 150 140 130 120 110 100 90 80 70 60
1 (ppm)

200



S$62

oooooooooo o
- - - - S - - - S - S - S 2 e o
S 2 £ 2 2 &€ 28 28 &8 8 8 28 8 8 28 8 8 8 8 g g 2 g2 g8 g2 g8 28 g8 8 28 8 =2 =2 = o 2
S 8 £ 8 8 £ 8 8§ £ 8 8 8 8 8 8 s g g ¢t E E & 8 £ § & 8 & &2 g§ & g g g st S
S 2 §F 2 & 5 8 83 = &€ 8 8 8 8 8 ¢ 8 8§ S T g & § I §8 § @ & = 8 & 8 g 2 § o 8
PR PR R A S U R P P | - i ) i ) i i ! i ! i i i ; ) ; |
=3
s
i 3
= PSSP I~ _
- 161L17
P
o
65LI'T~ 167 |
6vvTT— 67
S119°€s — -
<
€8LE°E . _ .
80Tr'e Foot | e
.
6786'€ ~_ ) - £097°78 — -
bLToy I
61057 — Freo FZ
2
o2
,:341
o 2065711 — -
5
® 8€01°611 — © -
= = -
bt €86L°ST1 — —
YTL6'STI — \h
L9§S'9 0Fp8 o€l N
w%m.o/ - _
00299 L 81 S 20€0°8€1 — ——
SHp9'9 7 . Tzo1 sovggel 7 . ]
68999 o c o e} c
G ™ 8'€ < opT ™ _
6710°L o re 200781
80SI'L — ", Ryoe i
s
h6tL— 1860 o
_33\ z K960 z
1265L I I
= - =
o [} = o )
= =3
s
oo
-
o
s

08L600T —

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

200

1 (ppm)



S63

8 8 8 8 8 o o o o o o o o o 8 o o o o o o o o o o o o o o < < o
g 8 & & & g g g g g g2 g8 g s S 2 2 2 g8 g g8 g8 g8 g8 g8 g8 g8 8 8 8 8 o 2
S & § & & g g & g g g g g st E 2 2 8 8 8 &8 g & & & g & g & & g ¢t 2
2 8 = g g g & g & € g8 g = T B g B g B g B g8 % 8 8 8§ & § & 2 8 o F
! ! ! i i i | i i ; | ) i ; T A A M A A S (P A A |
o
S
s
=3
-
s
o
o
s 1555°€S
o 6e685s -
L605°SS
<
Leise -
Shsse 00T s
tore— Foos o P6£S I8 — -
6707 — 21 =
160t/
s
€889 — 1560 _
z
° g
SE
s ]
° .
" 626811 — o -
§9L9'9 = - 1825'9C1 =
L20L9 e} S 88s89cl O —_
MNMM 989621 — -
: o €0L9TEl I
M:mwww o1 9 oscreer /-
80169 ot
00¥6'9 — o Froc < o
o I ™ = . o I ™
€861°L — o Too 6T2E8K1 — o 4
w7 s Tsor L2 "1y,
. <
viLyL 81Lb6ST — —
0606 — - o ) o 6EsEE9r — > o -
ves6L/ I 4] Feor L2 I o]
o = o =
s
E9
o
o
s
S 906861 — —

10.0

20

30

130 120 110 100 90 80 70 60

140

190 180 170 160

200

1 (ppm)



S64

s o s s o o s o s ° o s o o s
2 g 5 g 2 g s 5 2 2 g g g S g ° g
2 g 2 g 2 S 8 2 S 2 S 2 g 2 S 8 2
2 2 g S = ] 2 < =] 2 2 b5 S = s 2 S i
| | ) | ! | | | | | | ] ) ! | | |
w
=3
-
o 3
-
o
e
o 9LOYS — R —
o
w
$S09°€ ~_ . e
1809 oo
° 178978 — i
19871 ~_ .
6Ty UL
Y86L'Y — Foe60 =
zE
e ELLOYIT — -
S
908T611 — -
ov18TTl — ]
= 9L68°STI 7 —_ 2=
0vb9'9z1 \ =
8LYS'LTI =
o Y66€'8T1 ——
13909 < UET6TI
pSLL9 Tset zis66el
61189 o ° . o
i o T S = €8YT8YT — T S -—
8PSIL— o 0T O
960t'L — ", . B a8
7 - ‘7,
storL 7 Fov 15
66€SL i ov
10€L°L b 70°€ B z
9L9L’L z AL z
. =101
8«?\ g g
- I
mwmmm — 001 £
2 986€00T — —
&

0.0

10

20

30

40

180 170 160 150 140 130 120 110 100 90 80 70 60

190

1 (ppm)



S65

s 2 2 8 2 2 8 2 8 2 2 g =2 g = s = o s g g g g g g g s s 4 o
g B 8 8 8 8 &8 8 8 8 8 8 8 B8 &8 B8 8 8 B 2 8 8 8 &8 & &g &8 & & 8 B
g 8 8 &8 & &8 g B g8 B2 £ 8 8 8% 8§ & = 8 o ¥ g g & =2 B2 g & 8§ =& = g o 0
TR A U M U U S R G M A R O S o i i ] i i i ) ) ! i i i |
S
®
=
<
w
o
o
o 09€TES
o TE6E°SS I—
sols'ss
-
£66v°€ o
Elpse > = 00T [
L108°€ — Fsos [ _ £3E718 — —
LE66'€ — 01 b=
8650t/ N ﬂmd
15S1%
s
99€9'y — 60
E
-5
22
I’ e ——
"
g 1085°921 2
o . I
) b 2€59°921 o
owao._m_w —_
65159 T e S;.Nm_\ T
$hhs9 X = Tooz [ £250°€€l Q-
o Lo @
§S9L'9— ! 0
< <
12069 — o T M Tooz | = IS€€LPL — T N -
O . = O
1861, — b4 oz b4
8HOY'L — "y o Ts6'1 = . “yy, o
mmmm_»\ ™ ~ OPPS6ST — ) -
00y'€91 — _
€9S8°L zZ . zZ
8588'L T w Fest < T w
8588°L z = < =
®
S
o
o
SPY8'861 — ——
s

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

210

1 (ppm)



4000
3800
3600
3400
3200
3000
2800
2600
2400
2200
2000
r 1800
r 1600
r 1400
1200
1000
800
600
400
200
ro

r-200

10000

S66

gow.o
12280 V
TS06°0 -7
LLT60 \

vmmc.m
mGo.m
1¥80°¢

S901°€ -7
88CI'¢

00vS°€ —
oowm.m\
OvEL Y ~_
9Ly

S198°t —

995L°9
ST8L'9

68189

PEPS9—
TT61°L —
61TL
SrrT’L
965TL ]
LS1€°L
T6€€°L
£29€L 1
S8LE L
6£0t°L
S9TH'L
1€84°L
902 1

0.0

20 1.5 1.0 05

2.5

3.5 3.0

4.0

50 45
f1 (ppm)

5.5

6.0

6.5

7.0

7.5

PhHN
85 8.0

9.0

9.5

TT0L61 ~
S65Y°0T

I1¥ve—

888¥°0S —

066T°C8 —

S6I8 VI —
€979°611 —

SPLYSTI —

o_wm.wN_N

86¥6°071 —
80STLY1 —

8YLS'SIT—

~-1000

9000
8000
7000
6000
5000

4000

3000

2000

1000
60 50 40 30 20 10

70

80

170 150 130 110 90
f1 (ppm)

190

210




S67

s 2o 2o 2 29 9 2 2 2 2 9 9 8 s 2 s o
2 8888888888888 8sccocs9 99 s2 329 g 8 o o ° o o o o o o o
S85588&8c8E8RBS88=28g8888¢8888¢8 78 2 g g B g g g 5 g g - i
TR R R R R R R R P T P PR SO S | h h - i 1 1 | | | I

S

w

=

> 1L6L°LT — -
© 7560°87 —

£9€9'1 — a

o

o

8ES1T—

s

o
£610°TS — -
¥289'5S —

-

o

L91€°€

PPN -
1965°€ — =

869 * POSTHL — ——

S0EL'E B [ ——

009 — SIb6 P8 — _

s
2
- &
5
g k
®
[r=)
- ELEPSTT — =

16159 o < 26689117 o

mwwww = 6651771 — = -
12€9°9 O o 00STSTI W (e} —

— © X —
€099 —= = Pt PL80'9T1
ﬁ%@\ 2Izs 081
. -
£689°9 N s —
. « . : ©

901TL— S o 8 = 1e0t1 9LTL 68 J S

%mﬁ\ = o —== F660 I . =

orLy M —= %o < SIPS'SPl — —

SespL 6018751 — —

8L~ == T660

vILgLS o

o
w
oo
> 1899'9L1 — —

40

180 170 160 150 140 130 120 110 100 90 80 70 60
1 (ppm)

190



S68

g 8 8 8 8 8 8 8 8 8 8 8 o 2 2o 2 o o o o o 8 o o o o o < o o o
S 8 28 28 888 8288828888888 ¢8¢g 8 ¢8 8 S 2 2 g g g 2 8 ° 2
S 8 8 8 £ 8 8 $ 8 8 S 8 8 88 888 8 8 g S 2 g 2 g 2 K 8 g S 2
5 8 2 85 & &8 ¥ 2 8 2 € 2 8 8 8 8 8 8 8 2 o 7 2 E 2 8 ] H 9 S 2 - f
TR R e MR R M S A A A S M S S P U A A S U M |
e
s
=
o €98L°L1 — _
| = 6601'8 —
19197 — =6 |
-
- x50 |
L= SI8T6r — _
o
6LEL'SS — -
L<
£005°€ ®
TebsE 60T s
687L°E — =60:€ €IshsL — -
oo | _
€901y — Bier | T
w1y 8LESS — —_—
P
2
o &
L2
s
L ~ g
Ve H\n
. s
o s )
s 120rel — = —
68099 O, - (@] -
QE.@/ Fes viesiel —
61999 == 969151
om%o\
SSTL9 L= Y6LO6ET — —
. a = PSS TPl — ZT a —
16911 ) e % o ©
Noa:\ P 2168°8PT — = “, 2 ——
ezzerL = 8P10°€sT — o z [
€S6L° L~ I
yeesL" o —
2 o
@
s
[
L8LYSLT — —
LS
s

180 170 160 150 140 130 120 110 100 90 80 70 60
1 (ppm)

190

200



S69

con Toxomo Coem oo n ©
208 $IESKSR 2% = ag =S = 22000
Fxm adasee ==& ©£@a3 2 2
v YT A & = L2100
N N il (e
20000
F 19000
OMe 18000
Me
Br k17000
SN 16000
H
le) 15000
N F 14000
Boc 13000
5c 12000
k11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
I
| ‘ 1000
oo
Fo
by T ST LT 4 T [
S kS 2 4 Z8 )} 2 1000
z “ 23 G4 = “ &
T T T T T T T T T T T T T T T T T T T T 72000
100 95 90 85 80 7.5 7.0 65 6 1.5 1.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
= T v ww o
= S8 83 209 v © P « 1
S 2= 2g = = 2 S 38 S 3 6000
2 2 n 88 a0 2 2 R S 2
i P v > @ o = = =
2 4% 93 & 2 “ 7 P = =
= 2 I Ia a4 = 2 2 a2 & =
[ [ [ L5500
5000
OMe
Me
4500
Br 1
HO SN
(I; 4000
N
\
Boc 3500
5¢
F3000
2500
2000
1500
1000
| Pt
I
F500
I ! | I I
| |
L L | A
Fo
F-500

T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
1 (ppm)



S70

oooooooooooooo oo
2 £ 2828288888888 s 2 22 2 2 2 2 2 S ° ° . ° o o ° = o ° . -
S £ S 82825828 g8 288828888888 ¢g¢s8s8 = 2 3 g 2 2 2 2 g 2 2 g - g
3§ 5 8 2 2S5 22 2 2 3 2 2 88 2 3 3 8% 88 2 T 3 8 2 2 < B B ] S = = 2 ° i
| L | | | | | | | | | RN | | RN R | | =Y | 1 i h h | 1 1 | | | | 1 I

S
s
S
. 16LLt — —_
o 756087 — -
€LTy1— Tsie |
.
o
96L1'T— Fere
P
o £EP0°TS — —
28956 — -
-

162€°¢

o:m.mV Bt -

W6rSE— o [

E%.MW Tors YOSTHL — —

69€L°E - —_—

SIP6H8 — -
s
2
o &
SE
s
b N _
A p—
o - o s
> ° 2668911 7 >
b

26859 O . O
9 66S1¥Tl — —

819 00s1'st1 /f —

L1299 I s

9699 Lo & P809Tl _

: = 0°¢ \
Mwwmw ZTOo TITs0gl zIo
L / o © < PSET6ET — / o © ——

8930 — = g w o1 [ et/ 3 aw

8$rTI'L o~ =- F660 o >-

%S.h\ I e CIvysrl — I —

«

3134 6018TS1 — —

9LYS'L .

8798L Foor ] o
: @

YLLS'L . uw

-
oo
- 1899°9L1 — —
s

30 20 10

40

180 170 160 150 140 130 120 110 100 90 80 70 60
1 (ppm)

190



S71

moomoomoomoo> m ) ) ))
g 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 g8 g g8 8 S S S S S S 8 S S S S S 8 S 8 o S
S £ 38 8 &£ 8 8 € 8§ S g8 8 g8 g g g g g g = 2 &8 8 & 8 &8 & & g g g g &g g =g 2
5 § 2 2 5 g &8 T 2 8 = 2§ 8 & 8 8 € 8 8 S o 7 g g B8 g B 88 ©® =g 8 2 8 5 & = g8 o f
TR R R R M RN R M O A S M M o ! i i i i i i i i i j ) ! i i |
S
w
S
° SI68°L1 — —]
e LSST'8T — —_—
8929'1 — 906
o
o
7981 — Booe
P
o
LeLres — -—
SISL'SS — -——
o
Teeee
Lrogs Foot |
1L55°€ — Tsor [
va e LL6T'YL — _
ooww”m . o
£o6E — Feor L2
woey — Freo pl6ESs — —
s
2
o &
sE
®
[t —
) ) —
= = —
O, < O,
S
099 L0T9bTl — —
LTE9'9 I yITy9Tl -~ T
16v9°9 s I Y68T6T1 ——
ES@\ It ZTOo = fsi¢ €195°0€1 4 ZzTo
$L89'9 / (ST - 96TEBET ~_ / (ST ]
00L'9 = a®w < T0S06El = 0, & B
68YEL o) 4 o) 4
08LEL~\ I 201 . I
109 — o1 b2 IerL8pl — -—
PN oot 1L0T°€ST — -—
6LE8L = o
-_— o -_—
o o
®
oo
€120°9L1 — —
o
s

10

20

180 170 160 150 140 130 120 100 90 80 70 60 50
1 (ppm)

190



§72

g 88 &8 8 g8 8 8 g8 8 o = e o s s 2 2 2 2 2 2 2 2 5 2 2 2 = = = -
2 < S g 8 32 < 5 S 8 g S 8 S 2 g8 B 8 B 8 B 8 ® &8 g & &8 & &8 & 8 2
g€ § &8 g§ & ¢ I & = g8 8 g 8 o 3 2 8 & & 8 8 B 8 & g 8 g2 8 g B S g o ¥
) ) j ) | | ! i i i i ) 7 | i i ! ) i ;i i i i i i | ) ) ! i i |
o
=
w
S
- 050621 — -
® 68€1'8C —
PrT91 — BO0E6 |
o
o
81T — - 96T
®
o €611°TS — -
€P9L'SS — -
-
8SIEE
peseE FOUT
€955E— g1 [
0665 /- =r¢ 1801°%L — —
80pL'E o
SLTY'SS — —
®
O\W.
e
s
"
) o —
w < w —_—
S
L£099 8Y09TL
61€99 s 069%LT1 ~x ——
68799 < 8L9S'6T1 — -
8559'9 == st boLbEET — B
wmw@.o\ ZTOo
16699 L O 2 zozesel — Q u B
= , @ - szoosl /- = ° -
$09TL — o z - . .
2008°L T pOl L 910L'871 — -—
750S°L F66'0 .
16TS°L == E00'l SOSIEST — J—
PrES'L 2
2009°L /
1909'L i3]
00SL'L i
68LLL “
o LEIGSLT — _
o
®
o
o
=1

190 180 170 160 150 140 130 120 100 90 80 70 60 50 40 30 20
1 (ppm)

100



S73

1 (ppm)

S ove a—w—am Qv o wo & = o
S% 882 So20e8 g8 2 %3 8 a S
$I 823 280238 g8 5 28 [N 2
I= 332 ¥8ITSE 28 2 43 == @
P A L =BV v =] T A e o o t
NS = [ [ [
OMe
Me
HO \\N
Me
H
O
N
\
Boc
5g
|
! ! 1
] |
I S 3T T by
S == = < < =
B = - = o
T T T T T T T T T
9. 8.0 7.5 7.0 6.5 6.0 5.5 5.0 1.5 .5
1 (ppm)
= e wm  Twm T = &
S ga T8I o @ ° « w o~ N
& 28 2a8Y & 2 5 S &R § =2
% S xS e 8 a = = o= e =3
o ol % ] ] e a e - - *®
= a3 Qo222 9 = 3 = b & &=
[ SV N [ I I
OMe
Me
o~
Me SN
H
O
N
\
Boc
5g
| 1yl
X I | “\ |
| ‘ | H '
T T T T T T T T T
180 160 150 140 130 120 110 100 90

19000

- 18000

17000

16000

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

ro

~—1000

7500

7000

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

=500




S74

g € 8 8 88 8 8 8 8 8 88 g 2 28 2 8 28 g 28 8 g S S S S S S S S S S S S S S
S 8 8 8 R 8 8 8 8 8§ 2 8 8 8 8 8 &8 8 8 g8 8 1 S 2 S 2 S 2 g 2 = 2 =1 2 g g B
5 8 2 2 5 £ 2 2 2 8 2 2 8 282 8 8 2 8 8 8 = o ° S 2 2 2 2 2 S 2 2 2 S < S 2 s ;
YT T ) ) TR R AR U S SR MR G - i i | | i ] | | | ) i ) i | |
=
-
S
- 89T8'LT — _
o SLYI'ST—
€91 — 06 |
-
o
0917 — F90°¢€
.
o S8LI'TS — -
£9€L°SS -
° poorss
LIIEE
Lesee > For
POLS'E — Tt « .
887L'E — £t 65SSpL — —
- — —
9r96'€ — TS | <
PLOTY — Fsso 98SL'Y8 — -
o
2
&
52
“8L98°601
. \ ]
2 w [} -
= = .
(@] (@] =
€185°9 °
66099 <
61£9°9 L§T1'971 — -
L6€9°9 - B
16999 ZTO == . S L6T6TEl — ZTO —
57899 < o 0 = hire 2 0
= L, o £ = A o £
78889 —¢ =-0 w0 = IS0 o LSST6ET — ”, —-0 w —
wo%.o\ o N oo Fo o
08169 T T
} - 0626'871 — —
1980 S pL06TST — ——
LTSLL~ _ . .
sesLL~" o === F00l - LELELST — d _
[0} = [}
= =
-
9
8LTLILT — ——
<
-

20

30

40

190 180 170 160 150 140 130 120 100 90 80 70 60
1 (ppm)

200



S75

g 88 8 8 8 8 8 8 8 8 8 8 8 2 2 2 2 9 2 2 9 o g 8 g o o = o o ° o o ° 8
S S8 8ggg8scg8ece8gcsseseegegeesez¢es g s g g g g g g g g g g g
T ¥ I8 T 2 E 22 I 2 222 B IR B E LT =1 & & =2 2 2 < B 8 =1 s T
TR A S R U RPN MM SO A M A S MR A R TR O S M M S
S
©
S
o 9L96'L1 — -
© 79787 —
£hE9'1 — 106
B
N
26917 — - =81
P
N
$65€°7S — —
- 0106'sS — —
o3
oLigE
cesere L
%ﬁ.mN TST1 d
sE09€ 4 =6Te SSLIPL — ]
lseLe o _—————
- 0919'68 — -
oz
w5
= TESEV0T~ _
@ ELYLYOT
e
PEOSTIT — E—
b 2 S eLrLii— 2 —
85€9°'9 O £€2TETT Q -
ey = seozEtl W =
pisdda Tz | € sio9sTl
70689 — : 9zl
97 BoT | uws zTo
£876'9 _ ]
. @ — 1605°6€ 1 o
3_«.»/ s 3 / m 8 -
UL 60 | LISEIRL o= z®
L6TY'L o001 | PILLSPT — ¥ —
UYL 1867°€ST — —
$€99'L °
01L9L
6LYYTIT — \ -
@ 1€2L'S91 — -
%
B
S GPSILT — _
®
B
s

20

180 170 160 150 140 130 120 110 100 90 80 70 60
1 (ppm)

190

200



S76

8 8 8 8 8 8 8 8 8 o < o o S o o o o o o o o o o o o o o
E & & & & & &g & g g8 g g =g . g 2 8 8 8 8 8 8 8 8 8 g8 8 2 =2 o = 8
g &€ § & &8 g & § & g g g 8 S € § 28 £ 8 § 8§ € 8 8 § § & g8 8 g s S
g€ § 8 |§ &8 & ¥ & & 88 8 & & o 5§ $ 8 8 8 8 ¥ 8§ 8 8 8 ¥ 8 8 8 8 8§ ] o §
, , . . , , , . , , , , . . L o P R AU A A M A PR P A ,
S
P
=3
- 81581 — -
- 9LT1'8T —
66691 — s |
-
o
08917 — =€1'e
o
o 0LLI'TS — —
0h9L'Ss — _
-
1EE
0195 = =T O[]
L8p5°€ — rerr e
165/ -1t 18210, — - 4
sses/ -
S 3
1L25°s8 — -
-
2
o & 3
S&
-
[t —
) ) - —
3 s 3 -
1S9 P 3
o:z.w 9T81'STl —
66299 s L6YTSTI
88€9°9 B b
LL999~E \m Feee y
6r87:921
1£89°9 \NHO o GrSE9El — I \NHO o -
699 A S & 2 etee— = / 8 & —
i .o 0€2L0b1 -m 3
ss61'L— o z 001 o) z
Be6rL— I = B80T | o 6£598KI — T -
soer'L T spires — -
€Te6L I
08¢6L \ =T L3 \_
(@] (@]
-
oo
8PST9LT — e
-
o

10

20

30

40

50

60

70

80

120

130

140

150

160

170

180

190

00

1 (ppm)



77

8 8 8 8 ] S 8 8 8 8 o o < o S o o o o o o o o < o
g g g 2 2 2 2 g e 2 8 8 8 g 2 g S g S g S g S g o g
2 2 g S S 2 S S g g S S g g H g 2 g 2 g 2 g 2 g g 2
ES ] 3 B H 2 g b S S H 2 g S - ) 2 2 g 2 8 ] H o = 2 - i
) i ) ) ) i ! | i i i i ) i [ i ] ) | | ) ) ! i i |
S
®
S
- $€98L1 — :
® P601'8C —
Y0£9'T — =76 |
-
o
65917 — =86
s
o 1L01'TS — ]
019L'5§ —
-
o3
LEIEE
fosere UL
urse— 1611 [
sesse S —beE LISTYL — —g
6TELE -
1095°58 — -
s
2
o &
&
®
6 —
2 2 R
W20LIT — - .
e} b e} —
1L959
85659 61IEHT — —
0L29'9 o 208'ST1 \ D —
85€9°9 == e | ° Y189z
owom.oN ZIOo = ZIOo
5899 Q %) £961°8T1 [0} o
1€69°9 = \ 8 T 2 6160°6E1 — = \ S s —
8LTE'L o~ Z° 69LL°0VT o z- —
PPSEL T ——= FL0T - . I
ST9€°L 2 SPPO'8YT — —
0L9€'L 9860'€51 — D
0680'8 =
680" _ . &
Sl608 & =00 &
®
9
- P601°9LT — _
w

30 20 10

40

180 170 160 150 140 130 120 110 100 90 80 70 60
1 (ppm)

190



S78

S S o o < o o < o o o g < o o o < o o o o < s
g g g g g g g g g g g 8 g g g g g g g g g g - 8
S g g g g g g g g g g s 2 g g g 2 g 2 g 2 g g 2
= g g g S g 2 s g g = , g 2 g ) 3 g g S z s 2 - ;
. , . : . : : , , . , , . : , . , : ) . , , : ,
-
=3
- 6hL8'LT — —
- 018117 —
1191 — Toss |~ 3
-
S 3
19817 — T<oe
o
~ 15607 — —
908's5 — =
-
o3
Lepe's
ENERAS 60T | .
655t — el [
eRes'c /. =€ €6v1'SL — =
99€L°€ -
S6£1°98 — —
-
g
o
SE
-
=y —_——
< - ——
©
2 6108721 — 2 -
£585°9 o) 916'521 — ol I
_:3% S loeosi— —
12699 & = Leoe ——
MNWMW o 00v0LEl— ]
2 LoLrest - —
PLETL— s 001 @
€POEL —= = 61 | - 6009'LY1 — = -
ﬁ\xﬁ\ <
850°L SSPIEST — \|A
-
o0
-
oo
PESSILL — —
< 3

9.5

30 20

40

130 120 110 100 90 80 70 60
1 (ppm)

140

180 170 160

190



S$79

_~17.9008
\-7.8758
7.3732
7.3303

/

~-7.2443
— 7.0494

OH

1.921
1.051
6.141

4.6342
4.5860
4.5451
4.4979

66827
- 6.6691

/
X

Ph

2100

2000

1900

1800

1700

1600

1500

I~ 1400

1300

1200

1100

1000

=900

800

700

600

500

400

300

200

100

=100

=-200

199.3252

139.1806
i 138.2125
128.5404
127.8000
— 124.8307
— 120.8040
81.5201
54.8908

A

Ph

Al | L

0.0

28000

26000

[~ 24000

22000

20000

18000

16000

[~ 14000

12000

10000

8000

6000

4000

2000

~—2000

T
210

T T T T T T
200 190 180 170 160 150

T T T T T T T
140 130 120 110 100 90 80 70 60 50 40
1 (ppm)



S80

8 8 8 8 8 8 8 g o o o o o o o o o 8 o o o o o o o o o o
S § 28 § 8 &8 8 8 8 g8 g8 8 8 g g g 8 5 g g g g8 g g g8 g8 g8 o 2
£ g 58 I 8 § % 2 8 8 8 8 B $§ 8 8 8 o % g % $ 8 & R § 8 =7 8§ i
! i | | | | ! 7 i i i i i i ) i ; } - ! i i | ] ) ) ! i ! |
S
s
S
o LessLl —
L95€'1 — — FO6 | o 60952~
6909’1 — 168 |~ 9L60°8T
. . o
8L86'I — - ST |3
P
o
850°1S —
< 705955 —
&
£89€°¢ — Too -
€9LS'E— po0l e
oo_o.m* L6°C
_N%.m\ L
98pL'E <
. —
oloL’e T6€8°6L — —
3 £E5TH8 —
) veosts
2
<&
P
=
P
[
° \
2 AS
6L119 [} — Q
9609 = . LevLort /- =
12959 ) o LS O
: 9¥66'TT —
EEW Foo'l ¢
£909°9
9TSI'L S voosost —
99LIL~ 1960
TL
wmmwp\ 6l | e S6SI6EL~ 2 /
\ o . = T98T0r1 o .,
Qegyt 3] . e S
ceteL o] FS60 | o 6LI88PI~_ o
t o s Z199°051 — o
19151~
s
©
-
o
T2°00°TLE —
s
o

10.0

10

30

40

150 140 130 2 110 100 90 80 70 60
1 (ppm)

160

180




S81

s s s s o s s
g g8 g8 g8 g8 g8 g g g g g = = = = g s s s < < ° o ° s s s s <
2 < R S S S g S S g S S S S S S 2 S 2 S 2 S 2 S 2 S 2 S g 2
= X = £ = = 8 8 £ g 8 = 2 1 =2 =5 T 2 2 2 2 2 = 2 e 2 S = g 2 s g
) ! ) ) i i i i i | | | ) i i Lo i i | i ] ) | | ) ) ) i | ] |
S
®
S
-
- 6£65'07 — -
98T T — N P B
= werte
L1T9T— J 106
-
o
£€6€T— \J Fere ©
oi €59 LY — -
-
Spiee &
EM.MW
use’s = .
8€8€°€ /F \% TON =
LITYE :
955€
<
TSTELL — -
= €L6S'E8 ~_ _
85078 =
2
N
£660'S — -< Foo1 [ -
.
"
-
<
690S 1T — -
2 9€€L°TTL
2] < 2]
LSLT'L s < 1esTeet V s \\
SherL I £600'7CT — I =
665T'L Z 0 ° €2L0'9T1 Z 0O
38PEL / ) pE01 [T oesysci 7 / ) —_—
_whﬁ% 2, 8 20T 8TIS6TI z, 8
650'L — - z- ° it | ow PS65°SEl — 2 == -
- w = LS98'SET — w —
0819, — S 0T . 5]
LigL— @D 101 STTLTYT — @D [
: -
L8€8°L S LE19'LpT — [
96S1°6¥1 "
.
oo
-
=
€6L0°0LT — —

20

170 160 150 140 130 120 110 100 90 80 70 60 50 40
1 (ppm)

180



5§82

° o o o s 2 2 2 2 2 2 2 2 2 2 2 =2 °
2 2 g 2 g ° g g g g g g g g g g g g g8 o ]
g 2 g 2 g S S g & g & §&8 & g & g g g &g s 2
H ] S 9 = 2 - e 8 g8 &8 g8 & = & g &% 5 & = g o ;
i ) i ! i i ; i i i i i i i i i ) ) ! i i i |
w
=
-
] —3
- 1§96'6§ — -
o
®
2699 — - To <
= 6L20'%9 — -3
PLOS'E ~_ _ Tool 2 3
0955°€ " - : B
> ¥$L0'T8 — _
€10E7~_ ~ 260
6110y~ - o o
S09%'y " - ! =
g
SE
=
b LESO'STT — —
; 3
1
° LISLVTl — -
< £620'871 — i —
Lzt —_—
8TSL'9 = 6LLzEl 7 \ﬁm
aﬁ.c/ S
05189 o . YOLY'IP1 — o -4
Lopg9 - - Fese - o -
o = (@]
0911°L — ®] Bvr | o
W%EN 7 - . d -
SmNs\ (s T Fese | w . T
060€L o FoT [ o
: z z
wmm.fm ~ . -
mw_m.n - / 617 ° /
0o O % 0o o
= =
o
oo
3
s
= €611°100 — —

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

110

1 (ppm)



